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INTRODUCTION 


In this data book, Texas Instruments (ТІ) provides comprehensive information about TI's programmable 
logic devices (PLDs). These products have been developed to meet your performance and time to 
market requirements with efficient and effective products. TI offers over 40 PLD products in the standard 
architecture with speeds ranging from the low-power 25-nsto the high-speed 5-ns devices. TI also offers 
the flexible '22V10-architecture in the same speed range as the standard architecture product, including 
5-ns tpd. 


The 25-ns and 15-ns programmable bipolar devices utilize ТІ IMPACT™ process while the high-speed 
bipolar devices utilize ТІ5 IMPACT-X™ technologies. The IMPACT-X™ uses trench isolation and 
polysilicon emitters to increase performance. The IMPACT-XL™ process uses arsenic doped emitters 
and is optimized for low capacitance to achieve further improvements in performance. 


Besides the design and specifications data we have also included characterization data, packaging data, 
as well as process and die data to further assist you in designing with and qualifying Tl's PLDs. All TI 
PLDs use a titanium-tungsten (ТІМ) fuse technology developed at TI to improve programming reliability. 


Thank you for selecting Texas Instruments as your PLD supplier. If we can be of further assistance or 
if you require more information please contact your local TI field sales office, authorized distributor, or 
TI's PLD/FPGA Help Line at 214- 997-5666. 


IMPACT, IMPACT-X, and IMPACT-XL are trademarks of Texas Instruments Incorporated. 
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INTRODUCTION 


These symbols, terms, and definitions are in accordance with those currently agreed upon by the JEDEC Council of 
the Electronic Industries Association (EIA) for use in the USA and by the International Electrotechnical commission 
(IEC) for international use. 


PART 1 — GENERAL CONCEPTS AND CLASSIFICATIONS OF CIRCUIT COMPLEXITY 


Chip-Enable Input 
А control input that when active permits operation of the integrated circuit for input, internal transfer, 
manipulation, refreshing, and/or output of data and when inactive causes the integrated circuit to be in 
reduced-power standby mode. 
NOTE: See chip-select input. 


Chip-Select Input 
A gating input that when inactive prevents input or output of data to or from the integrated circuit. 
NOTE: See chip-enable input. 


Field-Programmable Logic Array (FPLA) 
Auser-programmable integrated circuit whose basic structure consists of a programmable AND array and 
whose outputs feed a programmable OR array. 


Gate Equivalent Circuit 
A basic unit-of-measure of relative digital-circuit complexity. The number of gate-equivalent circuits is that 
number of individual logic gates that would have to be interconnected to perform the same function. 


Large-Scale Integration (LSI) 
A concept whereby a complete major subsystem or system function is fabricated as a single microcircuit. In 
this context, a major subsystem or system, whether digital or linear, is considered to be one that contains 
100 or more equivalent gates or circuitry of similar complexity. 


Medium-Scale Integration (MSI) 
A concept whereby a complete subsystem or system function is fabricated as a single microcircuit. The 
subsystem or system is smaller than for LSI, but whether digital or linear, is considered to be one that 
contains 12 or more equivalent gates or circuitry of similar complexity. 


Output-Enable Input 
A gating input that when active permits the integrated circuit to output data and when inactive causes the 
integrated circuit output(s) to be at a high impedance (off). 


Programmable Array Logic (PAL?) 
A user-programmable integrated circuit which utilizes proven fuse link technology to implement logic 
functions. Implements sum of products logic by using a programmable AND array whose outputs feed a 
fixed OR array. 


PAL is a registered trademark of Advanced Micro Devices Inc. 
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Small-Scale Integration (551) 
Integrated circuits of less complexity than medium-scale integration (MSI). 


Typical (TYP) 
A calculated value representative of the specified parameter at nominal operating conditions (Усс = 5 V, 
Ta = 25°C), based on the measured value of devices processed, to emulate the process distribution. 


Very-Large-Scale Integration (VLSI) 
A concept whereby a complete system function is fabricated as a single microcircuit. In this context, a 
system, whether digital or linear, is considered to be one that contains 3000 or more gates or circuity of 


similar complexity. 
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PART 2 — OPERATING CONDITIONS AND CHARACTERISTICS (IN SEQUENCE BY LETTER SYMBOLS) 


с 


Со 


fmax 


los (lo) 


lozH 


lozL 


Input capacitance 
The internal capacitance at an input of the device. 


Output capacitance 
The internal capacitance at an output of the device. 


Maximum clock frequency 

The highest rate at which the clock input of a bistable circuit can be driven through its required sequence 
while maintaining stable transitions of logic level at the output with input conditions established that should 
cause changes of output logic level in accordance with the specification. 


Supply current 
The current into* the VCC supply terminal of an integrated circuit. 


High-level input current 
The current into* an input when a high-level voltage is applied to that input. 


Low-level input current 
The current into* an input when a low-level voltage is applied to that input. 


High-level output current 
The current into* an output with input conditions applied that, according to the product specification, will 
establish a high level at the output. 


Low-level output current 
The current into* an output with input conditions applied that, according to the product specification, will 
establish a low level at the output. 


Short-circuit output current 

The current into* an output when that output is short-circuited to ground (or other specified potential) with 
input conditions applied to establish the output logic level farthest from ground potential (or other specified 
potential). 


one (high-impedance-state) output current (of a three-state output) with high-level voltage 

appli 

The current flowing into* an output having three-state capability with input conditions established that, 

according to the product specification, will establish the high-impedance state at the output and with a 

high-level voltage applied to the output. 

NOTE: This parameter is measured with other input conditions established that would cause the outputto 
be at a low level if it were enabled. 


On aate (high-impedance-state) output current (of a three-state output) with low-level voltage 

appli 

The current flowing into* an output having three-state capability with input conditions established that, 

according to the product specification, will establish the high-impedance state at the output and with a 

low-level voltage applied to the output. 

NOTE: This parameter is measured with other input conditions established that would cause the outputto 
be at a high level if it were enabled. 


* Current out of a terminal is given as a negative value. 
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Мн High-level input voltage 

An input voltage within the more positive (less negative) of the two ranges of values used to represent the 

binary variables. 

NOTE: A minimum is specified that is the least-positive value of high-level input voltage for which 

operation of the logic element within specification limits is guaranteed. 

Vik Input clamp voltage 

An input voltage in a region of relatively low differentia! resistance that serves to limit the input voltage 

swing. 

Ми Low-level input voltage 

An input voltage within the less positive (more negative) of the two ranges of values used to represent the 

binary variables. 

NOTE: А minimum is specified thatis the most-positive value of low-level input voltage for which operation 

of the logic element within specification limits is guaranteed. 

VoH High-level output voltage 
The voltage at an output terminal with input conditions applied that, according to product specification, will 
establish a high level at the output. 

VoL Low-level output voltage 
The voltage at an output terminal with input conditions applied that, according to product specification, will 
establish a low level at the output. 

tais Disable time (of a three-state output) 

The time interval between the specified reference points on the input and output voltage waveforms, with 

the three-state output changing from either of the defined active levels (high or low) to a high-impedance 

(off) state. (tais = tpyz or tp, z). 

ten Enable time (of a three-state output) 

The time interval between the specified reference points on the input and output voltage waveforms, with 

thethree-state output changing from a high-impedance (off) stateto either of the defined activelevels (high 

or low). (ten = ЇР7Н or tpzi). 
th Hold time 

The time interval during which a signal is retained at a specified input terminal after an active transition 

occurs at another specified input terminal. 

NOTES 1: The hold time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest 
interval (between the release of the signal and the active transition) for which correct operation 
of the digital circuit is guaranteed. 

tod Propagation delay time 
The time between the specified reference points on the input and output voltage waveforms with the output 
changing from one defined level (high or low) to the other defined level. (tog = tpHL or tpi p). 
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ТРЪН 


tpLz 


{РТН 


ірді 


tsk(o) 


teu 


Propagation delay time, high-to-low level output 
Thetime between the specified reference points on the input and output voltage waveforms with the output 
changing from the defined high level to the defined low level. 


Disable time (of a three-state output) from high level 
The time interval between the specified reference points on the input and the output voltage waveforms 
with the three-state output changing from the defined high level to a high-impedance (off) state. 


Propagation delay time, low-to-high level output 
Thetimebetween the specified reference points on the input and output voltage waveforms with the output 
changing from the defined low level to the defined high level. 


Disable time (of a three-state output) from low level 
The time interval between the specified reference points on the input and the output voltage waveforms 
with the three-state output changing from the defined low level to a high-impedance (off) state. 


Enable time (of a three-state output) to high level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the three-state output changing from a high-impedance (off) state to the defined high level. 


Enable time (of a three-state output) to low level 
The time interval between the specified reference points on the input and output voltage waveforms with 
the three-state output changing from a high-impedance (off) state to the defined low level. 


Output Skew 
The time interval between any two propagation delay times when a single switching input or multiple inputs 


switching simultaneously causes multiple outputs to switch, as observed across all switching outputs. 


Setup time 

Thetime interval between the application of a signal at a specified input terminal and a subsequent active 

transition at another specified input terminal. 

NOTES 1: The setup time is the actual time interval between two signal events and is determined by the 
system in which the digital circuit operates. A minimum value is specified that is the shortest 
interval for which correct operation of the digital circuit is guaranteed. 


2. The setup time may have a negative value in which case the minimum limit defines the longest 
interval (between the active transition and the application of the other signal) for which correct 
operation of the digital circuit is guaranteed. 


Pulse duration (width) 
The time interval between specified reference points on the leading and trailing edges of the pulse 
waveform. 
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EXPLANATION OF FUNCTION TABLES 





The following symbols are used in function tables on TI data sheets. 


H = high level (steady state) 
L c lowlevel (steady state) 
T = transition from low to high level 
1 = transition from high to low level 
3 = Vvalue/level or resulting value/level is routed to indicated destination 
YA = value/level is reentered 
X c irrelevant (any input, including transitions) 
Z = off (high impedance) state of a 3-state output 
а..һ = the level of steady-state inputs A through H respectively 
Qo = the level of Q before the indicated steady-state input conditions were established 
Qo = complement of Qo or level Q before the indicated steady-state input conditions were established 
Qn = level of Q before the most recent active transition indicated by | or T 


= one high-level pulse 
ДГ = one low-level pulse 
TOGGLE = each output changes to the complement of its previous level on each transition indicated by 1 or T 


If, in the input columns, a row contains only the symbols H, L, and/or X, this means the indicated output is valid 
whenever the input configuration is achieved and regardiess of the sequence in which it is achieved. The output 
persists so long as the input configuration is maintained. 


If, in the input columns, a row contains H, L, and/or X together with T or 4, this means the output is valid whenever 
the input configuration is achieved but the transition(s) must occur following the achievement of the steady-state 
levels. If the output is shown as a level (H, L, Об, Ог Qo), it persists so long as the steady-state input levels and the 
levelsthatterminate indicated transitions are maintained. Unless otherwise indicated, inputtransitions in the opposite 
direction to those shown have no effect at the output. (If the output is shown аз a pulse, Г L or L Г , the pulse 
follows the indicated input transition and persists for an interval dependent on the circuit. 
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PLD NUMBERING SYSTEM AND ORDERING INSTRUCTIONS 


Factory orders for leadership PLD circuits described in this catalog should include a nine-part type number as 
explained in the example below. Exclude the prefix when ordering standard PLDs or One-Time Programmable Logic 
Devices. 


EXAMPLE: TIB PAL 16 R 8 -5 с М 


Ргейх ШОРТ: 


ТВ = Bipolar PLD 
ТС = CMOS PLD 


Product Family Designator 
Number of Array Inputs 


Output Configuration Designator 
А = Registered 
L = Active Low 


Number of Outputs in the 
Designated Configuration 


Performance Designator 


HIGH-SPEED LOW-POWER 
A A-2 
-5 -25 





Temperature Range 
C = Commerical (0?C to 75?C) 

| + Indrustal (-40°С to 85°C) 

M = Military (-55°C to 125°C) 





Package Type 

N - 20-pin Plastic DIP 

N - 28-pin, 600-mil Plastic DIP 
4 = 20-pin Ceramic DIP 

NT = 20-pin, 300-mil Plastic DIP 

JT = 20-pin, 300-mil Ceramic DIP 

FN - Plastic Chip Carrier 

FK = Ceramic Chip Carrier 

W = Ceramic Flat Pak 
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ADDRESSES FOR PLD AND FPLA PROGRAMMING AND SOFTWARE MANUFACTURERS 


ACUGEN Software Inc. 
427-3 Amherst St. 
Suite 391 

Nashua, NH 03063 
(603) 891-1995 


Advin Systems 

1050-L East Duane Ave. 
Sunnyvale, CA 94086 
(408) 984-8600 


BP Microsystems 
10681 Haddington 
Suite 190 

Houston, TX 77043 
(713) 461-9430 


Bytek Corporation 

508 Northwest 77th St. 
Boca Raton, FL 33487 
(407) 994-3520 


Data ИО Corporation 
10525 Willows Road N.E. 
Redmond, WA 98073 
(800) 247-5700 


ISDATA GmbH 

Daimlerstr. 51 

W-5700 Karlsruhe 21 

Federal Republic of Germany 
0721/75 10 87 


Logic Devices Inc. 

1201 N.W. 65th Place 

Ft. Lauderdale, FL 33309 
(800) 331-7766 





MINC Incorporated 

6755 Earl Drive 

Colorado Springs, CO 80918 
(719) 590-1155 


ProLogic Systems Inc.* 
2100-C West 6th Ave. 
Broomfield, CO 80020 
(303) 460-0103 

* Formerly Inlab Inc. 


SMS 

Im Morgental 13 

8994 Hergatz 

Federal Republic of Germany 
(49) 755-5018 


Stag Microsystems 
1600 Wyatt Drive 
Santa Clara, CA 95054 
(800) 227-8836 


System General Corporation 
510 South Park Victoria Drive 
Malpitas, CA 95035 

(408) 263-6667 


Texas Instruments Incorporated 
P.O. Box 655303, MS 3686 
Dallas, TX 75265 

(214) 997-5666 
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IMPACT'" DESIGN AND SERVICE CENTERS 





Design and programming assistance is offered by Texas Instruments IMPACT™ Design and service Centers. The 
centers are equipped with the latest in software and hardware tools for design, debugging, creating prototypes, and 
production on a local basis. Supported by a professional engineering staff, the centers provide complete code 
development, device programming, symbolization, functional and static (dc) parametric testing. 


Anthem Electronics, Inc. 
1160 Ridder Park Drive 
San Jose, CA 95131 
(408) 453-2200 


Anthem Electronics, Inc. 
373 Inverness Drive South 
Englewood, CO 80112 
(303) 790-4500 


Arrow/Schweber Electronics, Inc. 


17822 Gillett Avenue 
Irvine, CA 92714 
(714) 587-0404 


Arrow/Schweber Electronics, Inc. 


1180 Murphy Avenue 
San Jose, CA 95131 
(408) 441-9700 


Arrow/Schweber Electronics, Inc. 


4250 River Green Parkway 
Suite E 

Duluth, GA 30131 

(404) 497-1300 


Arrow/Schweber Electronics, Inc. 


665 Spice Island Drive 
Sparks, NV 89431 
(800) 777-Arrow 


Hall-Mark Electronics Corp. 
1 Mauchly 

Irvine, СА 92715 

(714) 727-6000 


Hali-Mark Electronics Corp. 
2105 Lundy Avenue 

San Jose, CA 95131 

(408) 432-4000 


Hall-Mark Electronics Corp. 
6 Cook Street 

Pinehurst Park 

Billerica, MA 01821 

(508) 667-0902 


Hall-Mark Electronics Corp. 
11420 Pagemill Road 
Dallas, TX 75243 

(214) 553-4300 


Marshall Industries 
9320 Telestar 

El Monte, CA 91731 
(818) 307-6208 


Marshall Industries 
336 Los Coches Street 
Milpitas, CA 95035 
(408) 942-4600 


Marshall Industries 

33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 


Marshall Industries 
2045 Chenault Street 
Carrollton, TX 75008 
(214) 233-5200 


Wyle Electronics Marketing Group 
5191 Oceanus 

Huntington Beach, CA 92649 
(714) 863-9953 


Wyle Electronics Marketing Group 
3000 Bowers Avenue 

Santa Clara, CA 95051 

(408) 727-2500 


Wyle Electronics Marketing Group 
452 East 124th Avenue 

Thornton, CO 80241 

(803) 457-9953 


Wyle Electronics Marketing Group 
1810 Greenville Avenue 

Dallas, TX 75081 

(214) 235-9953 


IMPACT isa trademark of Texas Instruments Incorporated. 
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N PACKAGE 
(TOP VIEW) 


* Programmable Replacement for 
Conventional TTL, 74HC, and 20-Pin PLD 
Family 


9 High-Voltage EPIC™ Process Allows for 
Higher Performance as Follows: 
Maximum ра: -12C .. . 12 ns 

-15С... 15 п5 
-251...25 ns 


е User-Programmable Output Logic 
Macrocells Provide Flexibility in Output 
Types With: 

Selectable for Registered or 
Combinational Operation 

Output Polarity Control 

Independently User Programmable (TOP VIEW) 
Feedback Path 


* Programmable Design-Security Bit 
Prevents Copying of Logic Stored in 
Device 


1 
2 
3 
4 
5 
6 
7 
8 
9 
1 





МО 

е Third-Party Advanced Software Support ко 
Featuring Schematic Capture, Interactive ко 
Netlist, Boolean Equations, and us 


State-Machine Design Entry 


е Package Options Include: 
20-pin Plastic Dual-In-Line (N) 
20-pin Plastic Chip Carrier (FN) 





NEN Pin assignments in operating mode 
description : шаны; 
депега! 


The EP330 features advanced-CMOS speed and very low power utilizing Texas Instruments High-Voltage 
Enhanced-Processed Implanted CMOS (HVEPIC) process. Each output has an Output-Logic-Macrocell (OLM) 
configuration that allows user definition of the output type. The EP330 provides a reliable low-power substitute 
for numerous high-performance TTL PLDs. 


The EP330 can accommodate upto 1 8inputs and upto eight outputs. The 20-pin 300-mil package contains eight 
macrocells each using a programmable AND/fixed-OR structure. This AND-OR structure yields eight product 
terms for the logic function as well as an individual term for Output Enable. 


AVAILABLE OPTIONS 


PACKAGE TYPE 
TA PLASTIC PLASTIC 
RANGE DUAL-IN-LINE CHIP CARRIER 
(FN) 


EP330-12CFN 


EP330-15CFN 


0°C to 70°C 


—40°С to 85*C 





EPIC is a trademark of Texas Instruments Incorporated. 
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description (continued) 


The EP330 output-logic macrocell allows the user to configure output and feedback paths for combinational or 
registered operation either active high or active low. With propagation delays of 12 and15 ns, the EP330 may 
be configured as a low-power substitute for popular fast PLD devices such as the PAL16XXB series or the 
'"PAL16XX-12 and 'PAL16XX-15 series. 


The CMOS EPROM technology makes it possible for the EP330to operate at an active power-consumption level 
that is less than 75% of equivalent bipolar devices without sacrificing speed performance. This technology also 
facilitates 10096 generic wafer testability using the UV-light erasable capability. As a result, designs and design 
modification can be quickly effected with a given ЕРЭЗО without the need for post-programming testing. 


Programming the EP330 is made easy by the availability of extensive third-party support for design entry, design 
processing, and device programming. 


The EP330C is characterized for operation from 0°C to 70°C. The ЕРЗЗО! is characterized for operation from 
—40°С to 85?C. 


functional description 


Externally, the EP330 provides ten dedicated inputs (one of which may be used as a synchronous clock input) 
and eight I/O pins that may be configured for input, output, or bidirectional operation. 


The logic diagram shows the complete EP330, while Figure 1 shows the basic EP330 macrocell. The internal 
architecture is organized with the familiar sum of products (AND-OR) structure. Inputs to the programmable AND 
array (Shown running vertically in Figure 1) come from two sources: first, the true and complement of the ten 
dedicated input pins and second, the true and complement of the eight feedback signals, each one originating 
from an МО architecture-control block. The 36-input AND array encompasses a total of 72 product terms 
distributed equally among the eight macroceils. Each product term (shown running horizontally in the logic 
diagram) represents a 36-input AND gate. 


As shown in the logic diagram, the outputs of eight product terms are ORed together, then the output of the OR 
gate is sent as an input to an exclusive-OR gate. The purpose of this exclusive-OR gate is to allow the user to 
specify the polarity of the output signal by using the invert-select EPROM cell (active high if the EPROM cell is 
programmed and active low if it is not programmed). 


The exclusive-OR output then feeds the I/O architecture control block. The control block configures the output 
for registered or combinational operation. In the registered configuration, the output is registered via a positive 
edge-triggered D-type flip-flop. In this condition, the feedback signal going to the array is also registered and 
comes directly from the output of the D-type flip-flop. In the combinational configuration, the output is 
nonregistered and the feedback signal comes directly from the I/O pin. In the erased state, the EP330 contains 
the same architectural characteristics as the ’PAL16L8. 
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logic diagram (positive logic) 
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Feedback 


Hu 


NOTES: A. This diagram shows one of the eight macrocells within the EP330. 
B. The double-arrow lines ($) show /О feedback from a macrocell. 


11 


Figure 1. Logic Array Macrocell 


output-enable product term 


The output enable (OE) product term determines whether an output signal is allowed to propagate to the output 
pin. If the output of the OE product term is low, then the output buffer becomes a high-impedance node, thus 
inhibiting the output signal from reaching the output pin. For combinational configurations, this OE product term 
can be used to allow for true bidirectional operation. 


The ЕРЗЗО contains eight separate OE product terms, one per I/O pin. If it is desired that all outputs be enabled 
or disabled simultaneously, use an identically programmed product term at each of the outputs. If different 
outputs are to be enabled under different conditions, different OE product terms for each specific output may 
be defined. 


МО architecture 


Figure 2 shows the different output configurations that can be chosen for any of the eight I/O pins on the EP330. 
Because of the individuality of each I/O architecture control block, both registered and combinational output can 
be chosen on a given EP330 device. 


In the combinational configuration, either active-high or active-low output polarity can be chosen. Pin feedback 
or no feedback is also optional. In the registered configuration, the user has control over output polarity and may 
choose to use the internal feedback path or no feedback. Any I/O pin can be configured as a dedicated input 
by choosing no output and no feedback from the array. In the erased state, the I/O architecture is configured 
for a combinational active-low output with pin feedback. 
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Clock 
(Pin 1) 





зер! 
АМ 
Аггау 


Feedback 
Select 


Feedback 
Select 







[Nene [оны | 


OUTPUT/POLARITY FEEDBACK 
Combinationaliigh 
CombinationallLow 






(8) COMBINATIONAL CONFIGURATION (b) REGISTERED CONFIGURATION 


Figure 2. ИО Configurations 


PLD compatibility 


Figures 2(a) and 2(b) show how an EP330 can be configured as a drop-in replacement for two commonly used 
members of the 20-pin PLD family: the 'PAL16L8 and the ’PAL16R8. When configured in these manners, the 
EP330 is both a functional replacement, as ме! as a pin-to-pin replacement, for the 'PAL16L8 and 'PAL16R8. 


Tables 1 and 2 provide additional information concerning the EP330 as a replacement for the 20-pin PLD family 
of devices. 
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1 36-Input 
Programmable 
AND Array 


Invert Select EPROM cell is in the erased state providing active-low outputs. 
Combinational Mode is chosen providing Combinational Output with Input (Pin) Feedback. 
B-product-term OR gate compared to 7-product-term OR gate on 'PAL16L8. 

Pin feedback to the array at 12 through 19 is not available in 'PAL16L8. 
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Figure 3. EP330 Configuration for Replacing a 'PAL16L8 
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19 
1 36-Input У Л 
Programmable > 
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6 
Ep š 
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Ф Invert Select EPROM cell із in the erased state providing active-low outputs. 
@ Registered Mode is chosen providing Registered Output with Registered Feedback. 


9 Complement of pin 11 is used as common OE term for all eight output pins. 


Figure 4. EP330 Configuration for Replacing a "РА 168 
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Table 1. Configurations for 20-Pin PLD Replacement 


PLD EP330 EP330 vo OUTPUT/ FEEDBACK 
PART NUMBER PIN NUMBER MACROCELL NUMBER CONFIGURATION MODE POLARITY 


юз | вю | 8 — C Combinatonal ботын | — Nene — 
108 тю С И шин бөлін [None 


Combinational None 
Combinational Comb/High 
Combinational None 
Combinational 
Combinational Comb/Low 
Combinational None 
Combinational None 
Combinational Comb/High 
Combinational None 
Combinational None 
Combinational Comb/Low 
Combinational None 
Combinational 
Combinational 
Combinational 
Combinational 
Combinational None 
Combinational Comb/High 
Combinational None 
Combinational None 
Combinational Comb/Low 
Combinational None 
Combinational Comb/High/Z 
Combinational Comb/High/Z 
Combinational Comb/High/Z 
Combinational Comb/Low/Z 
Combinational Comb/Low/Z 
Combinational Comb/Low/Z 
Combinational Comb/Low/Z 
Registered Reg/Low/Z 
Combinational Comb/Low/Z 
Combinational Comb/Low/Z 
Registered Reg/Low/Z 
НВ па! Comb/Low/Z 


























None 
















None 
Comb/Low 
Comb/High 
None 


























Combinational Comb/Option/Z 
Combinational Comb/Option/Z 
Combinational Comb/Option/Z 
Combinational Comb/Option/Z 
Registered Reg/Optior/Z 
Combinational Comb/Option/Z 
Comb/Option/Z 
Registered Re/Option/Z 
Combinational Comb/Option/Z 


16НРВ 12-19 — та Registered Reg/Optiovz | | Reg | 
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Table 2. Device Specifications 
HIGH-SPEED PLD SERIES '16XXB/-15 


SYMBOL БАНАШЕТЕН HIGH-SPEED EPLD 
ГЕР330-126 Т ЕР330-150 | ^ 'PAL16L8B/-45 "PALTSRBB/-15 


ыа | Weutsnewegsteredoupu | 12m | 15m | e | — NA | 
[toot | бою ыу ___ ers | n | —NA | mm 
ы | trputsotiptime | 88 | вз [ МА | se | 
[ ma | Меку [ме | юм | — NA | йн | 


T Over commercial temperature range 









absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range, Усс (see Note 1) ............................................ -0.3Vto7V 
Instantaneous supply voltage range, Voc (tS 20S) .................................... -2 Vto7 V 
Programming supply voltage range, Мрр ............................................. -0.3Vto 14 V 
Instantaneous programming supply voltage range, Урр (ts20ns) ....................... -2Vto14V 
Input voltage range, Мр ........................................................... ы -0.3V to7 V 
Instantaneous input voltage range, VI (t€ 20 ns) ........................................ -2Vto7V 
Voc or GND current range ..................................................... —160 mA to 160 mA 
Operating free-air temperature range, TA ........................................... ~65°C to 135°C 
Storage temperature range: еее ЫР te EC PER De eases —65°С to 150°C 


NOTE 1: Ай voltage values are with respect to GND terminal. 
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recommended operating conditions 


















Voc Supply voltage 4.75 5.25 | 4.75 5.25 


а 





tau Setup time, input [| 5 | с Jm] 
і  Holdiime, inp pugcc- tpe. гаг S 
tr Rise time, при == epe 1 


Ч Fall time, input О seem | 





TA Operating free-air temperature 
NOTE 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels 
only. 


electrical characteristics over recommended ranges of supply voltage and free-air temperature 


(unless otherwise noted) 
EP330-12C 
TEST CONDITIONS EP330-15C 


MIN ТҮРІ МАХ 


СЁ Input capacitance Қ 
Со Output capacitance Voc =5 V, = f=1 MHz 


Сок Clock capacitance Усс =5 v, Усик = 0, f = 1 MHz 


ТАВ typical values are at Усс = 5 V, ТА = 25°C. 
The input capacitance at pin 11 is 20 pF maximum when used аз a programming pin and with Vpp = 14 V. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 5) 


PARAMETERT 


Wir feodi 
fmax? Maximum frequency With internal feedback | 100 [| o — | 
With erora feedback 
241 _ Input to nonregistered output delay (see Note 3) | 02]. —— — 15] m | 


быр WO to nonregistered output delay (өөө — || 6| тз | 
По VO lnput and buffer СООО ПОС О EU 


T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other Т! data sheets or to those 
shown in glossaries in TI data books is coincidental. The meanings may not be the same. 

1 


+ ith feedback = ————————— fi ith internal feedback = — 
fmax with no fe с НЭГ low » тах with internal foedba mi 





1 
teu + Ко“ 
fmax with Internal feedback is programmed as ап 8-р! counter. 


NOTES: 3. This parameter is measured with only one output switching. 
4. This is for an output voltage change of 500 mV. 


fmax with extemal feedback - 
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EP330-25l 
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recommended operating conditions 


м мм 
Усс Supply voltage | 45 55] V 
ривера | 
tsu Setup time, input = sss y 
th Hold time, input | 
Fall time, input | 201 
Operating free-air temperature *C 


NOTE 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels only. 


< 
o 
о 


NIN 
ojo 





electrical characteristics over recommended ranges of supply voltage and free-air temperature 
(unless otherwise noted) 


MIN ТҮРІ МАХ | UNIT 


Vo = Усс or GND 
1-1 MHz, No load, Programmed as an 8-bit counter 
ГО... Inputcapacianco e j=, Te Tz 
с; Output capaciance Мост Vo 22V Isis 


Celk Clock capacitance Усс-5У, Усік-2У, 1-1 MHz 





ҰШЫН) 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 5) 








With no feedback 


With internal feedback MHz 






fmax® Maximum frequency 












With external feedback 
[pan mouti nenregistered outputdelay eeno ањ 
Праг VO to nonregistered output delay eeno 7-р) 26 
[ig WO input and bufer delay (өнө) № | 
[teo Ос input to registered output delay (eo Nolo) вњ 
ВТ ЕЕ ЕСТ РОО ПО | њ | 
р ороо езй ОЕ m] 






tent Minimum clock period (internal) 24| n | 


T All typical values are а! Voc = 5 V, ТА = 25°C. 
Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen forcompatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries іп ТІ data books is coincidental. The meanings may not be the same. 
1 1 


" d 2 T П = — 
5 fmax with no feedback TC + tw. low. high + tw low ‚тах with internal feedback tou 


1 
ви + Ко” 
пах with internal feedback is programmed as an 8-bit counter. 
NOTES: 3. This parameter is measured with only one output switching. 
4. This is for an output voltage change of 500 mV. 


fmax with external feedback = 





design phase of development Characteristic data end other specifications 
ere design goais. Texas instruments reserves the right to change or 


PRODUCT PREVIEW information concems products іп the formative or N 
discontinue these products without notice. 
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PARAMETER MEASUREMENT INFORMATION 


functional testing 


The EP330 is functionally tested through complete testing of each programmable EPROM bit and all internal 
logic elements, thus ensuring 100% programming yield. 


Усс 
1500 
Device To Test 
Output System 
82a Сі = 35 prt 


t includes probe and circuit capacitance. Equivalent loads may be used for testing. 


Figure 5. Dynamic Test Circuit 


design security 


The EP330 contains a programmable design-security feature that controls the access to the data programmed 
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot be 
copied or retrieved. Therefore, a very high level of design control is achieved since programmed data within 
EPROM cells is invisible. The bit that controls this function, along with all other program data, may be reset by 
erasing the cells in the device. 


latch-up 


The EP330 input, ИО, and clock pins have been carefully designed to resist the latch-up thatis inherent in CMOS 
structures. The EP330 pins will not latch up for input voltages between -1 V and Усс + 1 V with currents up 
to 250 mA. During transitions, the inputs may undershoot to —2 V for periods of less than 20 ns. 


Although the programming pin (pin 11) is designed to resist latch-up to the 13.5-V limit, during positive-current 
latch-up testing, the verify mode (pin 1) and program mode (pin 11) can be inadvertently entered into, causing 
current flow in the pins. This should not be construed as latch-up. 
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PARAMETER MEASUREMENT INFORMATION 


Input or ИО X 
| 


6а — 


| 
Combinational Output Х 


.- tpxz — 


Combinatlonal or High-Impedance State 
Reglstered Output 
“- їртх Ns 
High-Impedance State 
мапа Output 
(a) COMBINATIONAL MODE 
tr <- tw — бы 
| 1 | 
| 


M— tsu — —51— th 


| 1 
Input or I/O May Change wo Input or /O May Change 


le— tco — 


— rommere ouput алин 
From Register to Output Valid Output 


(b) SYNCHRONOUS CLOCK MODE 


NOTES: A. Rise time (tr) and fall time (1) < 3 пз 
B. ty is measured а10.3 V and2.7 V. Allothertiming is measured at 1.5 V, excepttpz x and tpxz which are measured for an output voltage 
change of 500 mV. 
C. Input voltage levels at 0 V and 3 V 


Figure 6. Voltage Waveforms 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 


vs 
FREQUENCY 


t | 1111) | LII 
PERIERE HH Л 
ШУ sil 
ШИ ГЕ 





100 400 


1- ыы. ~ MHz 
Figure 7 


CHANGE IN PROPAGATION DELAY TIME 


vs 
LOAD CAPACITANCE 





ТА = 25°С 
1 АТ = 1500 





Change п Propagation Delay Time - ns 
a 


0 100 200 300 400 500 600 700 800 900 
CL - Load Capacitance – pF 


Figure 8 


CHANGE IN PROPAGATION DELAY TIME 


vs 
NUMBER OF OUTPUTS SWITCHING 


Change In Propagation Delay Time — ns 





Number of Outputs Switching 


Figure 9 
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NT PACKAGE 


* Programmable Replacement for (TOP VIEW) 


Conventional TTL and 74HC Devices 


* Virtually Zero Standby Current 
Typ 20 uA 


* Low Operating Current: 
Ісс max (turbo bit оп)... 90 mA 
Їсс max (turbo bit off) .. . 10 mA 


е High Performance CMOS Process Allows: 
Maximum tpg: - 15C . . . 15 ns 
- 20C...20ns 
- 251... 25 п5 


е Asynchronous Clocking of АП Registers ог 
Вапкед Register Operation From 
2 Synchronous Clocks FNPACKAGE 


е Sixteen Macrocells With Configurable /О (TOP VIEW) 
Architecture Allowing for up to 20 Inputs 
and 16 Outputs 





е User-Programmable Output Logic 
Macrocells Provide Flexibility in Output 
Types with: 

Selectable for Registered or 
Combinational Operation 

Output Polarity Control 

independently User Programmable 
Feedback Path 


* Programmable Design Security Bit 
Prevents Copying of Logic Stored in 
Device 


* Third-Party Advanced Software Support МС-Мо internal connection 
Featuring Schematic Capture, Interactive 
Netlist, Boolean Equations, and State 
Machine Design Entry 





AVAILABLE OPTIONS 


TA PLASTIC PLASTIC 
RANGE DUAL-IN-LINE CHIP CARRIER 
PACKAGE (PDIP) PACKAGE (PLCC) 


Bee des EP630-15CNT EP630-15CFN 
° EP630-20CNT EP630-20CFN 
—40°C to 85°C ЕР630-251ЧТ ЕР630-251ЕМ 
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description 


general 


The Texas Instruments EP630 is capable of implementing over 600 equivalent gates of SSI and MSI logic 
functions all in plastic and ceramic space-saving 24-pin, 300-mil dual-in-line (DIP) packages and 28-pin 
chip-carrier packages. It uses the familiar sum-of-products logic, providing a programmable AND with a fixed 
OR structure. The device accommodates both combinational and sequential (registered) logic functions with 
up to 20 inputs and 16 outputs. The EP630 has a user programmable output logic macrocell that allows each 
output to be configured as a combinational or registered output and feedback signals active high or active low. 


A unique feature of the EP630 is the ability to program D, T, SR, or JK flip-flop operation individually for each 
output without sacrificing product terms. In addition, each register can be individually clocked from any of the 
input or feedback paths available in the AND array. These features allow a variety of logic functions to be 
simultaneously implemented. 


The CMOS EPROM technology reduces the power consumption to less than 5596 of equivalent bipolar devices 
without sacrificing speed performance. Erasable EPROM bits allow for enhanced factory testing. 


Programmingthe EP630 is made easy by the availability of extensive third-party support for design entry, design 
processing and device programming. 


The EP630-15C and EP630-20C devices are characterized for operation from 0°C to 70°C. The EP630-251 is 
characterized for operation from —40°С to 85°С. 


functional 


The EP630 uses a CMOS EPROM technology to implement logic designs in a programmable AND logic array. 
The device contains a revolutionary programmable I/O architecture that provides advanced functional capability 
for user programmable logic. 


Externally, the EP630 provides 4 dedicated data inputs and 16 ИО pins, which may be configured for input, 
output, or bidirectional operation. Figure 1 shows the EP630 basic logic array macrocell. The internal 
architecture is organized with familiar sum-of-products (AND-OR) structure. Inputs to the programmable AND 
array come from true and complement signals from the 4 dedicated data inputs and the 16 I/O 
architecture-control blocks. The 40-input AND array encompasses 160 product terms, which are distributed 
among 16 available macrocells. Each EP630 product term represents a 40-input AND gate. 


Each macrocell contains 10 product terms, 8 of which are dedicated for logic implementation. One product term 
is used for clear control of the macrocell internal register. The remaining product term is used for output 
enable/asynchronous clock implementation. 


Thereisan EPROM connection at the intersection point of each input signal and each product term. In the erased 
state, all connections are made. This means both the true and complement forms of all inputs are connected 
to each product term. Connections are opened during the programming process. Therefore, any product term 
may be connected to the true or complement form of any array input signal. 


When both the true and complement forms of any signal are left intact, a logical false state results on the output 
of the AND gate. If both the true and complement connections are open, then a logical "don't care" applies for 
that input. If all inputs for the product term are programmed open, then a logical true state results on the output 
of the AND gate. 


Two dedicated clock inputs provide synchronous clock signals to the EP630 internal registers. Each of the clock 
signals controls a bank of 8 registers. CLK1 controls registers associated with macrocells 9-16, and CLK2 
controls registers associated with macrocells 1-8. The EP630 advanced I/O architecture allows the number of 
synchronous registers to be user defined, from one to sixteen. Both dedicated clock inputs are 
positive-edge-triggered. 
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functional block diagram 
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Pin numbers in ( ) are юг DIP packages; рт numbers іп | | are for the chip-carrier package. 


VO architecture 


The EP630 input/output architecture provides each macrocell with over 50 possible I/O configurations. Each I/O 
can beconfigured for combinational or registered output, with programmable output polarity. Four differenttypes 
of registers (D, Т, ЈК, and SR) can be implemented into every ИО without any additional logic requirements. ИО 
feedback selection can also be programmed for registered or input (pin) feedback. Another benefit of the ЕР6ЗО 
МО architecture is its ability to individually clock each internal register from asynchronous clock signals. 
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Pin numbers are for the NT package. 


Figure 1. Logic Array Macrocell (Macrocell 1 Illustrated) 


OE/CLK selection 


Figure 2 shows the two modes of operation that are provided by the OE/CLK select multiplexer. The operation 
of this multiplexer is controlled by a single EPROM bit and may be individually configured for each EP630 /О 
pin. In Mode о, the 3-state output buffer is controlled by a single product term. If the output of the AND gate is 
true, the output buffer is enabled. If the output of the AND gate is false, the output buffer is in the high-impedance 
state. In this mode, the macrocell flip-flop may be clocked by its respective synchronous clock input. After 
erasure, the OE/CLK select multiplexer is configured in Mode 0. 


In Mode 1, the output-enable buffer is always enabled. The тасгосе! flip-flop may now be triggered from an 
asynchronous clock signal generated by the OE/CLK multiplexable product term. This mode allows individual 
clocking of flip-flops from any available signal in the AND array. Because both true and complement signals 
reside in the AND array, the flip-flop may be configured for positive- or negative-edge-triggered operation. With 
the clock now controlled by a product term, gated clock structures are also possible. 
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MODE 0 MODE 1 
OE = P-Term Controlled OE = Enabled 
CLK = Synchronous CLK = Asynchronous 
Synchronous Synchronous 
Clock Clock 





Macrocell Macrocell Macrocell Macrocell 
vo Output vo Output 
Register Butter Register Buffer 
The register is clocked by the synchronous clock signal, which is The output is permanently enabled and the register is clocked via 
common to seven other Масгосейв. The output is enabled by the the productterm. This allows for gated clocks that may be generated 
logic from the product term. from elsewhere in the EP630. 


Figure 2. OE/CLK Select Multiplexer 


output/feedback selection 


Figure 3 shows the EP630 basic output configurations. Along with combinational output, four register types are 
available. Each macrocell МО may be independently configured. All registers have individual asynchronous clear 
control from a dedicated product term. When the product term is asserted, the macrocell register willimmediately 
be loaded with a zero independent of the clock. On power-up, The EP630 performs the clear function 
automatically. 


When the D or T register is selected, eight product terms are ORed together and made available to the register 
input. The invert select EPROM bit determines output polarity. Thefeedback-select multiplexer enables register, 
МО (pin), or no feedback to the AND array. 


Ifthe JK or SR registers are selected, the eight product terms are shared between two OR gates. Theinvert select 


EPROM bit configures output polarity. The feedback-select multiplexer enables registered or no feedback to the 
AND array. 


Any I/O pin may be configured as a dedicated input by selecting no output and pin feedback. No output is 
obtained by disabling the macrocell output buffer. In the erased state, each I/O is configured for combinational 
active-low output with input (pin) feedback. 
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VO SELECTION 


OUTPUT/POLARITY| FEEDBACK 


Combinational/high Pin, None 
Combinational/low Pin, None 
None Pin 








(а) COMBINATIONAL 









VO SELECTION 


OUTPUT/POLARITY FEEDBACK 


D Register/high D Register, Pin, None| 
D Register/low D Register, Pin, None| 
None D Register 

None Pin 











FUNCTION TABLE 


а 
L 
H 

Qo 


L T 





L 
L T H 
L L X 
H X X L 


Feedback 
Select 


(b) D-TYPE FLIP-FLOP 


Figure 3. І/О Configurations 
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Synchronous 
Clock OE/CLK 
Voc Select 


VO SELECTION 


OUTPUT/POLARITY FEEDBACK 


Т Register/high T Register, Pin, None 





T Register/iow T Register, Pin, None 
None T Register 
None 





FUNCTION TABLE 


TEM Cast 


[CLR сік T | CLK 
L Т 





т 
L 
H 
X 
X 


L T 
L L 
H X 


Feedback 
Select 


(c) TOGGLE FLIP-FLOP 


Synchronous 
Clock OE/CLK 





VO SELECTION 
OUTPUT/POLARITY FEEDBACK 
JK Register/high JK Register, None 
JK Register/low JK Register, None 
None JK Register 
FUNCTION TABLE 
SR к T 
[CLR CLK J к | CLK J 
L 
L 
H 
H 
x 
X 
Feedback 
Select 


(d) J-K FLIP-FLOP 


Figure 3. /О Configurations (Continued) 
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Synchronous 
Clock OE/CLK 
Усс _ Select 


VO SELECTION 


OUTPUT/POLARITY FEEDBACK 


SR Register/high SR Register, None 


SR Register/low SR Register, None 
None SR Register 





FUNCTION TABLE 


ЕСА Зет 213 


[CLR CLK S | CLK S 





Feedback 
Select 


(e) S-R FLIP-FLOP 


Figure 3. /О Configurations (Continued) 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range, Усс (see Note 1) ............................................... -0.3Vto7V 
Instantaneous supply voltage range, Voc (tS 20 ns) ..................................... -2Vto7V 
Programming supply voltage range, Урр ............................................ -0.3V to 14 V 
Instantaneous programming supply voltage range, Vpp (tS 20 NS) ......................... -2Vto14V 
Іпр мойаде range МГ съдете клана ааа nen teer mer estre m EE RUE RANA RENE at s -0.3Vto7 V 
Instantaneous input voltage range, М ({< 20 ns) ......................................... -2Vto7V 
Voc oC GND current range. lese s анаа Аа На ЕЯ -175 mA to 175 mA 
Operating free-air temperature range, TA ......................................... .. —65°С to 135°C 
Storage temperature range ............................................ 2. ... ....... —65°С to 150°С 


NOTE 1: All voltage values are with respect to GND terminal. 
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recommended operating conditions 






Supply voltage 4.75 5.25 
Input voltage 


Low-level input voltage (see Note 2) -0.3 0.8 
0 “с | V 


1 Rise time CLK input 20 

i Other inputs 20 ns 
Í CLK input 20 

% Fall time | m 
Other inputs 20 


ТА Operating free-air temperature 0 70 °С 


NOTE 2: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels 
only. 


Voc 
VI 0 
VIL 

о 















electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


Мон _ неченин без i ия 
VoL Lewlevel oput voltage 
| Input current 
Voo 525, 
loo Supply current VI = Усс or GND, | Зее Мојед | 10 тА 
[seno — | 9) 
Vi=0, IIMA ТА-25 
Мото е ТМНа Ta=25°C 
Ссік СїосК сарасйапсе Ме0, 1-1 MHz, ТА = 25°С 
NOTES: 3. When in nonturbo, the device automatically goes into the standby mode approximately 100 пз after the last transition. 
4. These parameters are measured with the device programmed as a 16-bit counter and f 1 MHz. 
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switching characteristics over recommended ranges of supply voltage and operating free air 
temperature (unless otherwise noted) 


combinational mode, turbo bit on 


|_ЕР6зо:150 | ЕРоэо:206 
РАНАМЕТЕНІ TEST CONDITIONS | MIN MAX | 


pd1 Input to nonregistered output delay 


pd ШО input to nonregistered output delay SESS PE 


tPzx Output enable time CL = 35 pF 
n n See Note 5 
tpxz Output disable time Сү = БРЕ 


lio 10 input buffer delay 





combinational mode, turbo bit off 


PARAMETERT TEST CONDITIONS 


раї Input to nonregistered output delay 


222 


а МО input buffer delay 





synchronous clock mode, mode 0 


[Eroso J Ервєоо 
РАВАМЕТЕН? TEST CONDITIONS Сан мк] мт | 


No feedback ss ___| 605 | 
fmax Maximum frequency Internal feedback MHz 


External feedback ——n rn 


ltcot Clockto outputdelay time — | to output ltcot Clockto outputdelay time — | time 
Minimum clock period (register See Note 6 
feedback to register output) 
5 —— 
Asynchronous output | Turbo bit оп CL = 35 pF 
clear time | Turbo Бон — | bit off 
T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen — with those usedin other 


documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in Т! data books is coincidental. The meanings may not Бе the зате. 


+ лах with no feedback = — 1 — 

тах = 

teh + by 

fmax with internal feedback = 21. 
nt 














1 
teu + Кот 
fmax with internal feedback is programmed as a 16-bit counter. 
Use tgy and Кот for a device programmed with the turbo bit on. 
NOTES: 5. This is for an output voltage change of 500 mV. 
6. These parameters are measured with device programmed as a 16-bit counter. 


fmax with external feedback = 
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Switching characteristics over recommended ranges of supply voltage and operating free air 
temperature (unless otherwise noted) 


asynchronous clock mode, mode 1 


EP630-15C EP630-20C 
РАНАМЕТЕВТ TEST CONDITIONS | MIN MAX] MIN MAX | UNIT 


No feedback 
fmax Maximum frequency? intemal feedback 
External feedback? 


СТ [Tubobiten — | — ООС шини 
ши Тива О ОЕ j 


ta Minimum clock period (register 
ent feedback to register output) 


Asynchronous output | Turbo biton | bit | Turbo biton | 

clear time | Turbo Бой — | bit | Turbo Бой — | 
timing requirements over recommended ranges of supply voltage and free-air temperature 
synchronous clock mode, mode 0 


PARAMETERT [ын MAX. UNIT 
= Turbo Bion Ши s E нан 
п setup time 
ч : Tubs iof [x [я | 
Input hold time | о | о | 


Clock high pulse duran ыг. 
Clock low pulse duration | 6 | 5 | 


asynchronous clock mode, mode 1 


PARAMETERÍ | ЕР630-15С | EP630-20C | UNIT 
Turbo bit on | 6 | 5 | 
t КЕБЕК | Тао biton | 
Turbo bit off 
tah | Input hold time _ S | Қасты 
fach — Clock high pulse duration pog: ЕН БЕТІН 
tact Clock low pulse duration [L 2 | $ ` [ns] 


T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in TI data books is coincidental. The meanings may not be the same. 

1 


tach + tacl 


fmax with internal feedback = 











+ fmax with no feedback = 





cnt 
SED NM 
tasu + tacot 


fmax With internal feedback is programmed as а 16-bit counter. 
$ Узе tsu and Кот for a device programmed with the turbo bit оп. 


fmax with external feedback = 
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recommended operating conditions 


ee оти 
ДУ | 
0 


ка GLK Input 
MER GO] Other inputs 212208 


"m ШГП ресс 
To о. Other inpute 
ТА Operating free-air temperature -40 85 


NOTE 2: The algebraic convention, In which the more negative value is designated minimum, is used in this data sheet for logic voltage levels 
only. 



















electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS | MN — MAX | UNIT 
| Voo=45V, он--4 ПА 
Мон HighJevel output voltage CMOS УСС = 45 V, ЮН --2 mA [38 | У 
VoL Low-level output voltage Voc = 4.5 V, IOL = 4 mA 


П Input current Veco = 5.5 V, М = Усс or GND 
loz Off-state output current Voc = 5.5 V, Мо = Усс or GND 
pA 




























Voc = 5.5 V, See Note 3 ГОА | 

lec Supply current М = Voc or GND, м, 
No load [бее ____| — | 

[Cj — трлсарайаке — — | veo ТМ АЕ м 

Vo=0,f=iMHz, | ТА-250 юрю | 

Сок ____С!оск capacitance Уү-0, f=1MHz, TA = 25°С __  2| PF | 





NOTES: 3. When іп nonturbo, the device automatically goes into the standby mode approximately 100 ns after the last transition. 
4. These parameters are measured with the device programmed as a 16-bit counter and f - 1 MHz. 
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Switching characteristics over recommended ranges of supply voltage and operating free air 
temperature (unless otherwise noted) 


combinational mode, turbo bit on 


PARAMETERT TEST CONDITIONS | мм MAX UNIT | 
pdi Input to nonregistered output delay CL = 35 pF | _____25| ns | 
542 МО input to nonregistered output delay |o 2| nm | 

tpzx Output enable time CL = 35 pF See Note 5 | ____25] ms | 
ipxz Output disable time CL = 5 pF | æf № | 
tio VO input buffer delay ерата пъ лев = >= = 2 NE T 


combinational mode, turbo bit off 


PARAMETERT TEST CONDITIONS | мм Max| UNIT | 
pdi input to nonregistered output delay CL = 35 pF 
Dd /О input to nonregistered output delay 









Output enable ti CL = 35 pF 
IPzx utpat enable tims LESE See Note 5 
tpxz Output disable time Сі = 5 pF 


tio VO input buffer delay 





synchronous clock mode, mode 0 


PARAMETER TEST CONDITIONS | мм MAX | UNIT | 


[Neeedak  | Сю | 
fmax Maximum frequency" рани feedback = 
External feedback? 
от Clocktooutputdelaytime | to output от Clocktooutputdelaytime | time аашаа 
Minimum clock period (register 
toot regno Г | o 
tolr Asynchronous output | Turbo pit on CL =35 pF |00027) 
clear time Turbo bit off 


T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in TI data books is coincidental. The meanings may not be the same. 

1 


toh + tel 


fmax with internal feedback = 1 


nt 
1 


tsu + бо 
fmax with internal feedback is programmed аз a 16-bit counter. 
Use tgu and tco for a device programmed with the turbo bit on. 
NOTES: 5. This is for an output voltage change of 500 mV. 
6. These parameters are measured with device programmed as a 16-bit counter. 






t fmax with no feedback = 


fmax with external feedback = 
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switching characteristics over recommended ranges of supply voltage and operating free air 
temperature (unless otherwise noted) 


asynchronous clock mode, mode 1 


PARAMETER TEST CONDITIONS RE NEN 
No feedback 
Imax Maximum frequencyt [1 Internal feedback 


External feedback? 


Clock to output Turbo bit on 


delay time Turbo bit off 
Minimum clock period (register 
feedback to register output) 


Asynchronous output 
clear time Turbo bit off 


timing requirements over recommended ranges of supply voltage and free-air temperature 
synchronous clock mode, mode 0 


ОООО шше [м мажом | 
[| 


Turbo bit on 





и Input setup time Turbo bit off 


& puros = us] 
toh Clock high pulse duration | 1 | m | 
tol Clock low pulse duration [10 [ n | 


asynchronous clock mode, mode 1 


PARAMETER | MIN MAX | UNIT 
Turbo bit on 2228-2253 
Input setup time 
о Turbo bit off Eu ЫН 





teh пратон тте ae БЕЕН 
tach Clock high pulse duration | 10 | m | 
taci Clock low pulse duration | 10 [ m | 


t Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any sImilarity to symbols used on other TI data sheets or to those 
shown In glossaries in ТІ data books is coincidental. The meanings may not be the same. 





1 


tt with no feedback = ——— ——— 
max = 
tach + fad 


fmax With internal feedback = кин 
аспі 


1 
{ази + 3001 


fmax With Internal feedback ls programmed as а 16-bit counter. 
Use tau and ісо1 for a device programmed with the turbo bit on. 


fmax with external feedback = 
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functional testing 


The EP630 is functionally tested through complete testing of each programmable EPROM bit and all internal 
logic elements, thus ensuring 10096 programming yield. As a result, traditional problems associated with fuse 
programmed circuits are eliminated. 


design security 


The EP630 contains a programmable design security feature that controls the access to the data programmed 
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot be 
copied nor retrieved. A very high level of design control is thus achieved since programmed data within EPROM 
cells is invisible. 


turbo bit 


This family of EPLDs contains a programmable option to control the automatic power-down feature that enables 
the low-standby-power mode of the device. This option is controlled by a turbo bit that can be set by the design 
software. When the turbo bit is on, the low-standby-power mode is disabled. This renders the circuit less 
sensitive to Усс noise transients created by the power-up/power-down cycle when operating in the low-power 
mode. The typical (сс versus frequency data for both the turbo-bit-on mode and the turbo-bit-off (low-power) 
mode is shown in Figure 5. All dynamic parameters are tested with the turbo bit on. 


latch-up 


The EP630 input, I/O, and clock pins have been carefully designed to resist latch-up which is inherent in CMOS 
structures. None of the EP630 pins will latch up for input voltages between —1 V to Усс + 1 V with currents up 
to 250 mA. During transitions, the inputs may undershoot to —2 V for periods of less than 20 ns. 


Although the programming pin (pin 11) is designed to resist latch-up to the 14 V device limit during positive 
current latch-up testing, the verify mode (pin 1) and program mode (ріп 11) can be inadvertently entered into 
thereby causing current flow in the pins. This should not be construed as latch-up. 


device programming 


The ЕР630 can be programmed using certified third-party programming equipment. Please contact Texas 
Instruments applications department at (214) 997-5666 for current status of third-party programming support. 





PARAMETER MEASUREMENT INFORMATION 


5У This figure shows the test circuit and the conditions under which dynamic 
measurements are made. Because power supply transients can affect 
8550 dynamic measurements, simultaneous transitions of multiple outputs 
Device To Test Svst should be avoided to ensure accurate measurement. The performance of 
Output 9 jest system threshold tests under dynamic conditions should not be attempted. 
Large-amplitude fast ground-current transients normally occur as the 
340 Q с! device outputs discharge the load capacitances. These transients flowing 
through the parasitic inductance between the device ground terminal and 
thetest-system ground can create significant reductions in the observable 
input noise immunity. 


T Includes jig capacitance 
Equivalent loads may be used for testing 


Figure 4. Dynamic Test Circuit 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT SUPPLY CURRENT 
vs vs 
MAXIMUM FREQUENCY SUPPLY VOLTAGE 


ІШ 
ГІШ Turbo Bit Оп 
1 














< 4.74 -— 
Е 
1 Ё | | | 2 
Е е 5 
Е >š 
5 BE 
= Фо 
Е 2 за 
о 
? Зы 
5 Е | Сана 
ШІ ШІ - Voc = БҮ ot Normalized to 1 at 
ТА = 25°C : Voc = 5 V, TA = 25 °C, 
Н А | L l | | Тийм 
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Figure 5 Figure 6 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
SUPPLY VOLTAGE NUMBER OF OUTPUTS SWITCHING 
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[— TA = 25 °С, and with 
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sË SE 
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Е Е 
Normallzed to 1 at 
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TEXAS 19 
INSTRUMENTS 


2-34 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 


EP630 SERIES 
HIGH-PERFORMANCE 16-MACROCELL 
ONE- TIME PROGRAMMABLE LOGIC DEVICES 


— D3357 OCTOBER 1989 - REVISED MARCH 1992 


PARAMETER MEASSUREMENT INFORMATION 


Input or UO X 
| 


| 
— 
Combinational 
Output 
| 
[—— Pxz — 
Combinational ог High-Impedance State 
Registered Output Valid Output 
| 
[6— tpzx —— 
Combinational or High-Impedance State — | | 
Registered Output [ | Valid Output 
== teir — 


) Asynchronous! 
Registered Output Clear Output 4 


(а) COMBINATIONAL MODE 


por ver UU ES | амора 
Registered Output Valld Output 


(b) SYNCHRONOUS CLOCK MODE 


M- tach + i$ tach —> 


Asynchronous 
Clock Input 


sen де 


== ТУФ) =) РРР 


| teot — 


ИЕ | м 0 
Registered Output Мапа Output 


(c) ASYNCHRONOUS CLOCK MODE 


NOTES: А. Input and I/O pulse levels are 0 to З V and tr = tí < 2 ns. 
B. Allmeasurements are made at 1.5 V except to) and ср are measured at 0.3 V and 2.7 V respectively and ipzx and tpxz are measured 
for an output voltage change of 500 mV. 


Figure 9. Switching Waveforms 
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ЕМ PACKAGE 
(TOP VIEW) 


е User-Configurable LSI Circuit Capable of 
Implementing 2100 Equivalent Gates of 
Conventional and Custom Logic 


е High-Performance CMOS Process Allows: TET CCS IV SUUS. 


Maximum ра: - 20С... 20 ns 10 
-25С...25 ns 
-30С...30 ns 
-251... 25 ns 
- 301... 30 ns 


9 Low Operating Current: 
loc max (standby)... 150 pA 
кс max (turbo bit off)... 40 mA 
кс max (turbo bit оп)... 225 mA 


* Programmable Clock Option Allows 
Asynchronous Clocking of АП Registers or 
Banked Register Operation From 
4 Synchronous Clocks 





е Programmable Asynchronous Clear of All 99000000200000000 
Registers © 
е Forty-Eight Macrocells With Configurable 


МО Architecture Allowing for up to 64 
Inputs and 48 Outputs 


е Macrocell Flip-Flops can be Individually 
Programmed as D-, T-, JK-, SR-Type 
Flip-Flops or for Combinational Operation 


* Programmable Design Security Bit 
Prevents Copying of Logic Stored in 
Device 


* Available Third-Party Design and 
Programming Support 


AVAILABLE OPTIONS 


TA SPEED PLASTIC CHIP CARRIER 
RANGE CLASS (PLCC) 


Qe ы 20 | EP1830-20CFN 


[25m [| EPIB39250FN 
“сон 5 | EP189025FN 
sts ЕЕ 





description 


general 
The EP1830 series of CMOS EPLDs from Texas Instruments offer LSI density, TTL equivalent speed 
performance and low power consumption. Each device is capable of implementing over 2100 equivalent gates 
of SSI, MSI, and custom logic circuits. The EP 1830 series is packaged in a 68-pin J-leaded plastic (one-time 
programmable) Chip Carrier. 





PRODUCTION DATA information is current Фе of publication date. Copyright € 1991, Texas Instruments Incorporated 
Р Conform to specifications per the terms of Texas Instruments 

warranty. Production processing does not necessarily Include 
testing of all parameters. 
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The EP1830 series is designed as an LSI replacement for traditional low-power Schottky TTL logic circuits. Its 
speed and density also make it suitable for high-performance complex functions such as dedicated peripheral 
controllers and intelligent support chips. Integrated-circuit count and power requirements can be reduced by 
several orders of magnitude allowing similar reduction in total size and cost of the system, with significantly 
enhanced reliability. 


The EP1830 uses a 1.0 um CMOS EPROM technology employing EPROM transistors to configure logic 
connections. The EPROM technology allows 100% generic testing (all devices are 100% tested at the factory). 


Programming the EP1830 is made easy by the availability of third-party support for design entry, design 
processing and device programming. 


The EP1830-20C and EP1830-25C devices are characterized for operation from 0°C to 70°C. The ЕР1830-251 
and ЕР1830-30І are characterized for operation from —40?C to 85°C. 


functional 


The EP1830 series use CMOS EPROM cells to configure logic functions within the device. The EP1830 
architecture is 10096 user configurable, allowing the device to accommodate a variety of independent logic 
functions. Externally, the EP1830 provides 16 dedicated data inputs, four of which may be used as system clock 
inputs. There are 48 ИО pins, which may be individually configured for input, output, or bidirectional data flow. 


macrocells 


The EP1830 architecture consists of a series of macrocells. А! logic is implemented within these macrocells. 
Each macrocell, shown in Figure 1, contains three basic elements: a logic array, a selectable register element, 
and 3-state I/O buffer. All combinational logic such as exclusive-OR, NAND, NOR, AND, OR and inverted gates 
are implemented within the Jogic array. For register applications, each macrocell provides one of two possible 
flip-flop options: D or T. Third party software will allow design with JK or SR flip-flops, implementing these with 
the T flip-flop option. Each EP1830 macrocell is equivalent to over 40 2-input NAND gates. 


The ЕР1830 is partitioned into four identical quadrants. Each quadrant contains 12 macrocells. Input signals 
into the macrocells come from the EP1830 internal bus structures. Macrocell outputs may drive the EP 1830 
external pins as well as the internal buses. Figure 2 illustrates a simple logic function that can be implemented 
within a single macrocell. Note that all combinational logic is implemented within the logic array, a JK flip-flop 
is selected, and the 3-state buffer is permanently enabled. 
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functional block diagram 
Quadrant A Quadrant D 




































vo 2 Г Мастосейт | Мастосей 48 $8 yo 
vo 3 Масгосе! 2 Macrocell 47 67 Vo 
Vo 2 Масгосей 3 Масгосе! 46 55 уо 
Vo 5 Macrocell 4 Macrocell 45 es Vo 
vo 8 Macrocell 5 Macrocell 44 55 vo 
vo 1 Масгосе! 6 Масгосе!! 43 83 уо 
8 
Vo Macrocell 7 Macrocell 42 52 vo 
9 
vo Macrocell 41 61 vo 
vo = < E More L. - vo 
vo - : vo 
12 Уеа 
vo - e vo 
3 
vo + чи [е <> yo 
14 р 
P 11 < ве | 
Г) 
| LS — —À K Si 
Г) 
i — — — 4 54 
сікіл 7 18 58 сіка 
© 
orkai- p ы ПИ 4 SL orkan 
р 
2 HS = 22502004 56 | 
е, 
2! ы — 4 ын 
е, 
ыг Ее мэ. ча % | 
23 | - 47 
уо = - 1-4 vo 
vo s 0-2 yo 
vo 25 жа loce" [—4 55 yo 
vo 26 жив се! Мастосей 33 1-4 “4 uo 
уо 27 Масгосе! 17 Масгосей 32 Аз Vo 
yo -28 Macrocell 18 Macrocell 31 42 uo 
уо 2 Macrocell 19 Масгосе!! 30 21 Vo 
vo 30 Масгосе! 20 Масгосе! 29 #0 vo 
vo 31 Масгосе 21 Macrocell 28 39 yo 
yo 22 Macrocell 22 Macrocell 27 38 цо 
vo -33 Macrocell 23 Мастосе! 26 37 yo 
vo = Масгосе! 24 Macrocell 25 36 уо 
Quadrant B Quadrant C 
Global Macrocells 
CJ Local Macrocells 
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Each EP1830 macrocell consists of 3 basic components (see Figure 1) 


Step 1.  Alogic array for gated logic 

Step2. A flip-flop for data storage (selectable options include D, T and software emulated JK and SR). 
The flip-flop may be bypassed for purely combinational functions. 

Step 3. А 3-state buffer to define input, output, or bidirectional data flow. 





Figure 1. Marcocell Components 


Typical logic function implemented into a single macrocell. Each EP1830 macrocell can accommodate the 
equivalent of 40 gates. 


Feedback 
ЕР 1830 From Other 
Inputs MacrocellS 





vO Pin 


Data D 


Clear 


To Other Equivatent Gates = 40 
Macrocells 


Figure 2. Sample Circuit 
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[| ___-„ ______-_--____ __.-- „ ——————— —— n — Á—ÁM!—M— — —— Nl MEE айс IT Sc caca C cR. 

The EP1830 macrocell architecture is shown in Figures 3 and 4. There are 32 macrocells called local macrocells. 
These macrocells offer a multiplexed feedback path (pin or internal) which drives the local bus of the respective 
quadrant. 
There are another 16 macrocelis known as the global macrocells (see Figure 4). These global macrocells have 
features that allow each macrocell to implement buried logic functions and at the same time serve as dedicated 
input pins. Thus the EP1830 may have an additional 16 input pins giving a total of 32 inputs. The global 
macrocells have the same timing characteristics as the local macrocells. 


Quadrant 
Synchronous 
Clock OE/CLK 
Select 


«4—— —————— —— Global Bus — — — —» «4———  LocalBus --» 


0 

1 

2 
ез 
5 4 | Architecture 
95 Control 

6 





Quadrant 





Dedicated Inputs А, В, C, D Local Feedback 
(16 Inputs) Global Feedback (12 Macrocells) 
(16 Macrocelis) 


Figure 3. Local Macrocell Logic Array 
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OE/CLK 


Quadrant 
Synchronous 
Clock CLK 


Select ОЕ 


4------- Global Виз ------» 4—  LocalBus --» 


Local Bus 





Global Bus 


Global Quadrant Quadrant 
Dedicated inputs А, В, С, D Local Feedback 
(16 Inputs) Global Feedback (12 Macrocells) 
(16 Macrocells) 


Figure 4. Global Macrocell Logic Array 


clock options 


Each ofthe EP1830 internal flip-flops may be clocked independently or in user defined groups. The architecture 
allows for asynchronous clocking using the OE/CLK product term to provide input or internal logic functions as 
aclock. Ifthis mode is used the output enable buffer cannot be controled by this product term. The flip-flops can 
be configured for positive or negative edge triggered operation with asyncronous clock mode. 


Four dedicated system clocks (CLK1 thru CLK4) also provide clock signals to the flip-flops. System clocks are 
connected directly from the EP1830 external pins. With this direct connection, system clocks give enhanced 
clock to output delay times than internally operated clock signals. There is one system clock per EP1830 
quadrant. When using system clocks, the flip-flops are positive edge triggered (data transitions occur on the 
rising edge of the clock). 


third party design support 


Texas Instruments is working in conjunction with several software manufacturers to provide excellent design 
software support for the EP1830. This support ranges from high level design entry compilers to schematic 
capture programs in which the designer may implementhis design with standard TTL SSI and MSI based circuits 
such as counters, comparators, shift registers, etc. Please contact Texas Instruments applications hotline at 
(214) 997-5666 for current status of third-party programming support. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range, Мос (see Note 1) ............................................ .. -0.3Vto7 V 
Instantaneous supply voltage range, Voc (t€ 20 ns) ..................................... -2Vto7V 
Programming supply voltage range, Урр ....................... на PT ee ES ҰЗ -0.3 V to 14 V 
Instantaneous programming supply voltage range, Vpp (t < 20 ns) ........................ -2Мю 14 V 
Input voltage range; Vp. чегишин Гы peed a ees wae ee eet е еқен карыз —0.3 Vto 7 V 
Instantaneous input voltage range, М ((< 20 ns) ........................................ -2Vto7V 
Voc ог ОМО current range ................................................ .. . . -800 mA to 300 mA 
Continuous total power dissipation at or below 25°С free-air temperature (see Note2) ......... 1500 mW 
Operating free-air temperature, TA ................................................ —65°С to 135°C 
Storage temperature range ............. CR e Ri e d КТІ Т” -65%С to 150°C 


NOTES: 1. All voltage values are with respect to GND terminal. 
2. For operation above 25°C free-air temperature, derate to 180 mW а! 135°C ata rate of 12 mW/*C 


recommended operating conditions 


Ree CMM Е ЭЭ X T w МАК ur ] 


Мо Ою Vo TT 
ын |QKimput E 

о ра ee 
| [etk input |) 20 

1282 зээг га 


NOTE 3: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels 


only. 





electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


Усс = 4.75 V. Юн = -2 тА | 384 | 
| Voc-4/5V. — lot-4mA | 04) v | 
loz__Off-state output current 


V 

К V 
Voc = 5.25 V, See Note 4 | ҺА | 
lcc Supply current VI = Voc or GND, See Note 5 40 mA 
25 
F 
F 
F 





5 150) 
No bad 

с Input capacitance М-0, f=1MHz, _ TA-25C 

Colk Clock capacitance Ме0, f=1 MHz, TA =25°C 


TAI typical values are at Усс = 5 V, TA = 25°С. 
NOTES: 4. When in the nonturbo mode, the device automatically goes into the standby mode approximately 100 ns after the last transition. 
5. These parameters are measured with the device programmed as four 12-bit counters and f - 1 MHz. 
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external switching characteristics and timing requirements over recommended ranges of supply 
voltage and operating free air temperature (unless otherwise noted) 


turbo-bit on (turbo mode) 


EP1830-20C | EP1830-25C | ЕР1830-30С 
PARAMETERT TEST CONDITIONS | мм MAX| MIN МАХ MIN MAX | 


Tax — Maximum clock Frequency бөгнөө6|25 __| o Jar [м | 
fen — Maximum пета frequency Sese; | 5 | o | зва | М | 
Баг. При nonregistered ouput до [— —m| 25 3» 

1 р! гед {р у CL = 35 pF | ns | 





















а: VO input to ronregistered output delay ПЕ ОЕ то 
teu System cock setup ите | oversee үз 


һа __Syatem ее 121291521571”, 
Пано Semo ОО БЕ КЕНЕН БЕК” БЕНЕН 25 Тэг 
РОТЕ И ОЕ CES ОЕ Е 
Пе System cookie oulpitdelay аа 
а ауе ООО ОС | ю r 
СЕТИ Е ЕО [8 ['©. [12 [з 
Hai Array clock to outputdelay 0 
Pent Minimum system clock parod о |0 | | 


turbo-bit off (non-turbo mode) 


EP1830-20C | ЕР1830-25С | ЕР1830-30С 
PARAMETERÍ TEST CONDITIONS | мм МАХ | MIN MAX] MIN мах 


Гөз- | s [я | ми 
ТЕТЕ — p ээн? ВЕС pom јава Гын! 
x ОЕ  — 5| m- 
обаве s T Z| сыр эрэ, 
[su System locksetuptime | — — — | s |» |» Jr 
чө System соло те — —_ | — — — по по 1.6 З 
юм | 
к 1-28-79 777” | ЗИ 
[ot Sywemcbckteoupudday ООС ОИ L L ОЕ | те 
ГА акт [и [м | 
[un — Amaydekolme || 6 | LI 
лоо 
[em  Minmumsysemcokpro | o o o o | 


t Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries іп ТІ data books is coincidental. The meanings may not Бе the same. 

NOTES: 6. The {тах values shown represent the highest frequency of operation without feedback. 

7. This parameter is measured with the device programmed as four 12-bit counters. 
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internal timing requirements over recommended ranges of supply voltage and operating free air 
temperature (uniess otherwise noted) 


turbo-bit on (turbo mode) 


t EP1830-20C EP1830-25C EP1830-30C 
DIAMETER TEST CONDITIONS — [ Mw МАХ] мм MAX] MN MAX] UNIT 


m meipsdadbuferdaay И ИСЗ ООС Е 
He WO inputpadandbuferdelay | — ПО ОЕ О E] 

Hag Тойсатуда || | 
Год Oupa pedara tar user 


XZ 
УС Е 2 
поо 
Ауа 

ТЕ Е 24-4”. 
Е ЕО ООО ООО ООО ОЕ ПОС 
СЕР БЕНЕН ООО ООС ООС ЕГЕН 


turbo-bit off (non-turbo mode) 









tin Input pad and buffer delay шээээ Mer e cem 










[i Wo input paancibuterdelay | — — Е: 3 СИ 
ТРОЕ [L s ПСИ 
tod — Output pad лаьна ов |O ООС С 81 
и Output butter erabe ООО ОСЛЕ L ООС ОС _m |] 
|. Output bufer dsabetme | ОВ | — S] f 6[ те | 
C J $ [ъ= [т |] 
th Registerhold time LI oec peces iem 
ПОЕТ ЗОО L CC C C Oe | 
ЕЕ ОИ E ыы” 
а Feedback delay — — — өн | _____->| =L ==] 
|a то те торе cw o = арлас. 





ст Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other ТІ data sheets or to those 
shown in glossaries in T! data books is coincidental. The meanings may not be the same. 
NOTES: 8. This is for an output voltage change of 500 mV. 
9. Thenegative number shown for this specification is to compensate for the 30 ns that is being added to the tjaq parameter in the turbo-bit 
off mode. In the non-turbo mode, На is not affected by the additional propagation delay because the logic array is already taken out 
of the non-turbo mode by the first transition into the array. See the section on delay elements. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage range, Voc (see Note 1) ................. Ұры os veu tase Far RA Ie а -0.3Vto7 V 
Instantaneous supply voltage range, Усс (< 20 ns) ....................... WS uus ERR -2Vto7V 
Programming supply voltage range, Vpp ............................................. -0.3Vto14V 
Instantaneous programming supply voltage range, Мрр (tS 20 ns) ........................ -2Vto 14 V 
Input voltage range, V| ................................ Фарина НК .... -03Vto7V 
Instantaneous input voltage range, Vj (tS 20 ns) ............................ 1............ "2 МО? V 
Voc ог GND current range .............................................0..0.2.2... -300 тА 10 300 тА 
Continuous total power dissipation at ог below 25°C free-air temperature (see Note 2) ......... 1500 mw 
Operating free-air temperature, TA ............................................... .. —65°С to 135°C 
Storage temperature гапде ...................................................... -65%С to 150°C 


NOTES: 1. All voltage values are with respect to GND terminal. 
2. For operation above 25°C free-air temperature, derate to 180 mW at 135°C at a rate of 12 mW/°C 


recommended operating conditions 






[— T] 
[Voc swis пра У | 


= GLK input [o 204 


zu: СОК при pm 
13 Other inputs ШИНЖИН 1 
ТА Operating free-air temperature | C | 


NOTE 3: The algebraic convention, in which the more negative value is designated minimum, is used in this data sheet for logic voltage levels 
only. 












electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


| Voc = 4.5 V, [Он = -4 mA 
VoL — Lowievelouputvollage 


See Note 4 


їсс Supply current М = Voc ог GND, See Note 5 | | 20 401 
No load See Note 5 150 260 
с Input capacitance М=0, [= 1MHz, Тд-25С | 2 | pF | 
Co Output capacitance Vo =0,1= 1 МН2, Тд=25°С [| | 
Cok Clock capacitance Ме0, f=1MHz, = ТА=25°С 2 [ре | 
All typical values are at Voc = 5 V, TA = 25°С. 
NOTES: 4. When in the nonturbo mode, the device automatically goes into the standby mode approximately 100 ns after the last transition. 
5. These parameters are measured with the device programmed as four 12-bit counters and f = 1 MHz. 
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external switching characteristics and timing requirements over recommended ranges of supply 
voltage and operating free air temperature (unless otherwise noted) 


turbo-bit on (turbo mode) 


t EP1830-251 ЕР1830-30! 
РАВАМЕТЕВ TEST CONDITIONS | MIN MAX] MIN МАХ UNIT 


fmax Maximum clock frequency See Note 6 | o | 417 |] MHz | 
fent Maximum internal frequency See Note 7 | 40 | 333 J| MHz | 
ОО Input to nonregistered output delay 25 ao] 
- - CL = 35 pF 
Dd ИО input to nonregistered output delay 
ы пенливи ee 
ins System cock Feld ine Е 









tch System clock high 








ш Amwdokseupüme —— И ГИ 
[a — Amycekhoddme | — — — — 10 Le —] 
Пасет ....Алау бооно олол ду № | 
[ин Minimum eyotam cockperod _ | — — — м | 


turbo-bit off (non-turbo mode) 


ЕР1830-251 ЕР1830-301 
PARAMETERÍ TEST CONDITIONS | мм MAX| MIN MAX] UNIT 


EAS RT wo ena LEES 
Hit — Maximum eral fequeney [Seo Noto? — — [а [м | 
2122 и ые: 
— = эж 
Css ЕТ C pco re esce A 
Е НА И [ o ME: Si 
СЭМ TYT = T se ee БЕСІН 
ene —— НЕ ШЕ] Im now 
ЕЕВС ЕН a ЕЗЕТ] МЕСЕ ТП ра: 08 
tal 


= 










tasu Array clock setup time 

h Array clock hold time 
Ївсо1 Array clock to output delay 
lent Minimum system clock period 


T Letter symbols forswitching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in ТІ data books is coincidental. The meanings may not be the same. 

NOTES: 8. The fmax values shown represent the highest frequency of operation without feedback. 

7. This parameter is measured with the device programmed as four 12-bit counters. 








TEXAS % 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 247 





ЕР 1830-251, ЕР1830-301 
HIGH-PERFORMANCE 48-MACROCELL 
ONE-TIME PROGRAMMABLE LOGIC DEVICES 


58Е5003-03880 NOVEMBER 1991 





internal timing requirements over recommended ranges of supply voltage and operating free air 
temperature (unless otherwise noted) 


turbo-bit on (turbo mode) 


ЕР1830-251 ЕР1830-301 
PARAMETERT TEST CONDITIONS 


[in Tapa padandbuferdeay || 
[to VO inputpad'andbuflerdelay — | — — — — J] 
ap eges И 
ЕР | 
ПС ООО ООО 
tig Array dock delay ae 
СИИИ НИ 
һа Feedbakdehy — — — |. — C SN 
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turbo-bit off (non-turbo mode) 


t ЕР1830-251 ЕР1830-301 
РАНАМЕТЕН TEST CONDITIONS БС 2073 
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tics System clock delay 
ttd Feedback delay See Note 9 
ter Register clear delay а, 


T Letter symbols for switching characteristics and timing requirements in this data sheet have been chosen for compatibility with those used in other 
documentation previously prepared by another supplier for similar products. Any similarity to symbols used on other TI data sheets or to those 
shown in glossaries in TI data books is coincidental. The meanings may not be the same. 

NOTES: 8. This is for an output voltage change of 500 mV. 

9. Thenegative number shown for this specification is to compensate for the 30 ns thatis being added to the tj4 д parameter in the turbo-bit 
off mode. [п the non-turbo mode, Ца is not affected by the additional propagation delay because the logic array is already taken out 
of the non-turbo mode by the first transition into the array. See the section on delay elements. 
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design security 


The EP1830 contains a programmable design security feature that controls the access to the data programmed 
into the device. If this programmable feature is used, a proprietary design implemented in the device cannot be 
copied or retrieved. This enables a high level of design control to be obtained since programmed data within 
the EPROM cells is invisible. 


turbo bit 


The EP1830 contains a programmable option to control the automatic power-down feature that enables the 
low-standby-power mode of the device. This option is controlled by a turbo bit that can be set during 
programming. When the turbo bit is on, the low-standby-power mode is disabled. The typical їсс versus 
frequency data for both the turbo-bit-on mode and the turbo-bit-off (low power) mode is shown in Figure 10. 


device programming 


The EP1830 can be programmed using certified third-party programming equipment. Please contact Texas 
Instruments applications hotline at (214) 997-5666 for current status of third-party programming support. 


functional testing 


The EP1830 is functionally tested including complete testing of each programmable EPROM bit and all internal 
logic elements. The erasable nature (in wafer form) of the EP1830 allows test program patterns to be used and 
then erased. 


Figure 5 shows the dynamic load circuit and the conditions under which dynamic measurements are made. 
Because power supply transients can affect dynamic measurements, simultaneous transitions of multiple 
outputs should be avoidedto ensure accurate measurement. The performance ofthreshold tests under dynamic 
conditions should not be attempted. Large-amplitude fast ground-currenttransients normally occur as the device 
outputs discharge the load capacitances. These transients flowing through the parasitic inductance between 
the device ground terminal and the test-system ground can create significant reductions in observable input 
noise immunity. 
БУ 


0550 
Device 


Output To Test 8ystem 


3400 с 


T Includes jig capacitance 
All input pulses have the following characteristics: PRR < 1 MHz, tr = tf < 3 ns, duty cycle = 50%, 
Equivalent loads may be used for testing 


Figure 5. Dynamic Load Circuit 
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(b) CLOCK MODE 
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System Clock | 
At Register 
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Data From | | 
Logic Array 
(с) SYSTEM CLOCK MODE 


Figure 6. Switching Waveforms 
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Output Pin High Impedance 


раї (tot) = tin + Чаа + tod 
фа? (tot) = Yo + tin + tiad + tod 


(d) OUTPUT MODE 


Figure 6. Switching Waveforms (continued) 


understanding EP1830 timing characteristics 


introduction 


One of the most important benefits of using an EP1830 in any design is the integration of complex logic functions 
into single-chip solutions. In most cases, however, when the functional compatibility of a design has been 
determined, timing analysis should be completed to ensure dynamic parameter compatibility. 


The purpose of this applications supplementis to discuss the timing delays which exist when using an EP1830. 
The focus here is on the inherent delay paths that exist in every EP1830 and their relation to the data sheet 
switching specifications. This should aid designers in modelling and simulating their logic designs. 


gate delays versus timing characteristics 


Accurate modelling of the timing characteristics requires an understanding of how a given application is 
implemented within the EP1830. Most designs contain basic gates, and TTL macrofunctions, which are 
emulated by the general macrocell structure. The macrocell structure is an array of logic in an AND/OR 
configuration with a programmable inversion followed by an optional flip-flop and feedback, (See Figure 7). 


When designing with EP1830s, the term "gate delay" is not a useful measure. Within the EP1830 AND array 
are product terms. A product term is simply an n input AND gate where n is the number of connections. 
Depending on the logic implemented, a single product term may represent one to several gate equivalents. 
Therefore, gate delays do not necessarily provide EP1830 timing characteristics. 


summary 


To understand timing relationships of the EP1830, it is very important to break up the internal paths into 
meaningful microparameters that model portions of the architecture. Once internal paths are decomposed, it 
is then possible to obtain accurate timing information by summing the appropriate combinations of these 
microparameters. The EP1830 data sheet provides architectural information on which the parameters apply. 
Knowledge of the architecture allows characterization of any timing path within the EP1830. 
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Figure 7. Macrocell 


If the design requires low-power operation, the turbo bit should be off (disabled). When operating in this mode, 
some dynamic parameters are subject to increase. 


System Clock Delay 
tcs 
Clock Delay 
Input Че 
Delay 
tin 








Inputs vo 
м Logic Array Delay 
Чаа 
м Register Clear Delay 
teir 
уо 


For combinational outputs, the delay between the logic array and the output buffer is zero. (i. e., у = 0 or th = 0) 


Figure 8. Macrocell Delay Paths Mode! 
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delay elements 


The simplest solution to the architectural requirements is to model time through the logic array as a constant. 
This parameter is called (ад. The rest of the elements in the timing model are similar to those found in 
conventional logic. There are input and output delay parameters (tin, tig, tog); register parameters tsu, th, tolr» 
ths: tics, tic); and internal connection parameters (tr). A detailed diagram of an Macrocell Delay Paths Model 
is shown in Figure 8 with a description of the signals. 


glossary - intemal delay elements 


telr 


на 


Asynchronous register clear time. This is the amount of time it takes Юг a low signal to appear at 
the output of a register after the transition of the logic array, including the time required to go 
through the logic array. 


Feedback delay. In registered applications, this is the delay from the output of the register to the 
input of the logic array. In combinational applications, it is the delay from the combinational 
feedback to the input of the logic array. 


Register hold time. This isthe internal hold time ofthe register inside a macrocell - measured from 
the register clock to the register data input. 


Logic array delay. This parameter incorporates all delay from an input or feedback through the 
AND/OR structure. 


Clock delay. This delay incorporates all the delay incurred between the output of an input pad or 
МО pad and the clock input of a register including the time required to go through the logic array. 


System clock delay. This delay incorporates all delays incurred between the output of the input 
pad and the clock input of the registers for dedicated clock pins. 


Input delay. This is the delay from input pads through the buffers that direct the true and 
complement data input signals into the AND array. 


МО input pad delay. This delay applies to ИО pins committed as inputs. 


Outputbuffer and pad delay. For registered applications, this incorporatesthe clockto outputdelay 
of the flip-flop. In combinational applications, it incorporates delay from the output of the array to 
the output of the device. 


Register setup time. This is the internal setup time of the register inside a macrocell - measured 
from the register data input until the register clock. 


Time to high-impedance-state output delay. This delay incorporates the time between a 
high-to-low transition on the enable input of the 3-state buffer to assertion of a high impedance 
value at an output pin. 


3-state to active output delay. This delay incorporates the time between a low-to-high transition 
on the enable input of the 3-state buffer to assertion of a high or low logic level at an output pin. 
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glossary - external delay elements 


lacot(tot) 7 


tacnt(tot) 


lah(tot) 


tasu(tot) — 


1601 (tot) 


tetr(tot) 


tent(tot) 


йо) 


ipdi (tot) 


tpa2(tot) 


'PXZ(tot) 


tpzx(tot) 


tsu(tot) 


Asynchronous clock to output delay. This is the time required to obtain a valid output after a clock 
is asserted on an input pin. This delay is the sum of the input delay (tin), the clock delay (tic), and 
the output delay (tod). 


Asynchronous clocked counter period. This is the minimum period a counter can maintain when 
asynchronously clocked. This delay is the sum of the feedback delay (іа), the logic array delay 
(аа), and the register setup time (tsu). 


Asynchronous hold time. This is the amount of time required for data to be present after an 
asynchronous clock. This value is the difference between the sum of the input delay (tin), the clock 
delay (tic), and the hold time (tn) and the sum of the input delay (tin) and logic array delay (tiad). 


Asynchronous setup time. This is the time required for data to be present at the input to ће register 
before an asynchronous clock. This value is the difference between the sum of the input delay (tin), 
array delay (ад), the register setup time (tsu), the sum of the input delay (tin), and the clock delay 
(tic). 


System clock to output delay. Thisis the time required to obtain a valid output after the system clock 
is asserted on an input pin. This delay is the sum of the input delay (tin), the system clock delay 
(tics), апа the output delay (Ка). 


Delay required to clear register. This is the time required to change the output from high to low 
through aregister clear measured from an inputtransition. This delay is the sum of input delay (tin), 
register clear delay (іс), and the output delay (Ка). 


System clock counter period. This is the minimum period a counter can maintain. This delay isthe 
sum of the feedback delay (қа) the logic array delay (пад), and the internal register setup time (ісу). 


Hold time for the register. This is the amount of time the data must be valid after the system clock. 
it is the difference between the sum of the internal input delay (tin), the system clock (tics), and 
the system clock hold time (ths) and the sum of the input delay (tin) and logic array delay (Чад). 


Propagation Delay period; This is the delay from a dedicated inputto a nonregistered output. This 
is the time required for data to propagate through the logic array and appear at the external output 
pin. This delay is the sum of input delay (tin), array delay (tiaa), and output delay (tog). 


Propagation Delay period; This is the delay from I/O pin to a non-registered output. Thisis the time 
required for data from any external ИО input to propagate through any combinational logic and 
appear at the external output pin. This delay is the sum of the ИО delay (tio), input delay (tin), array 
delay (аа), and the output delay (tod). 


Time to enter into the high-impedance state. This is the time required to change an external output 
from a valid high or low logic level to the high-impedance state from an input transition. This delay 
is the sum of input delay (tin), array delay (tiag), and the time to disable the 3-state buffer (у). 


Delay from high impedance to active output. This is the time required to change an external output 
from the high-impedance state to a valid high or low logic level measured from an input transition. 
This delay is the sum of input delay (tin), array delay (Цас), and the time to enable the 3-state buffer 
(tzx). 

Set up time for the register. This is the time required for data to be present at the register before 
thesystem clock. This value isthe difference between the sum of input delay (tin), array delay (Цас), 
and an internal register setup time (tsu) and the sum of the input delay (tin) and the system clock 
delay (tics). 
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explaining the data sheet specifications 


The data sheet references timing parameters that characterize the switching operating specifications. These 
parameters are measured values, derived from extensive device characterization and 100% device testing. 
Among the switching characteristics are the following: taco(tot)» tacnt(tot): Тано), tasu(tot)» Їсо1(00) felr(tot): 
tent(tot); Íh (tot); tpd1 (tot): ра2000) ЇРХ2(00) ÍPZX(tot); tsu(tot)- These parameters, described below in detail, may 
be represented by the internal delay elements. (See Figure 9) 
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Figure 9. Timing Equations 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
MAXIMUM FREQUENCY 


1000 


- 
TURBO BIT ом ES 
Lond 


10 


icc - Supply Current – mA 


0.1 





1k 10k 100 К 1M 10M 100M 
тах - Maximum Frequency – Hz 


Figure 10 


PROPAGATION DELAY TIME 
vs 
SUPPLY VOLTAGE 


Normalized to 1 at 
Voc 25V, 

TA = 25 °С, and With 
4 Outputs Switching 


Propagation Delay Time 
(Normalized) 





5.25 5.5 


745 4.75 5 
Усс — Supply Voltage - V 


Figure 12 


SUPPLY CURRENT 
vs 
SUPPLY VOLTAGE 


1.6 
Normalized to 1 at 
and f = 1 MHz 
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| | L 


Ісс - Supply Current 
(Normalized) 
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Figure 11 


PROPAGATION DELAY TIME 
vs 
NUMBER OF OUTPUTS SWITCHING 


Propagation Delay Time 
{Normallized) 
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Number of Outputs Switching 


Figure 13 
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MECHANICAL DATA 


0,69 (0.035) 
` — _ 9,64 (0.025) я 


1,27 (0.050) BSC—>| |4 


1,1 (0.045) х 45° X PIN NO 1 






] 









24,33 (0.958) 
24,13 (0.950) 23,62 (0.930) 
22,61 (0.890 
25,27 (0.995) om 


25,02 (0.985) 





3,30 (0.130) 
| 4 20,32 (0.800 » 24,33 (0.958) 
REF 24,13 (0.950) 2,29 (0.090) 


25,27 (0.995 


(0.995) 0,64 (0.025) 
25,02 (0.985) MIN 


5,08 (0.200) 

4,19 (0.165) 
0,51 (0.020) 

1,22 (0.048) 0,254 (0.010) 

1,07 (0.042) 0,203 (0.008) 

0,53 (0.021) 

—K 0,41(0.016) 


“Жо 





0,81 (0.032) 
DETAIL В 0,66 (0.026) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES. 
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* Choice of Operating Speeds 5 ща РИ 
High-Speed, A Devices... 25 MHz Min 
Half-Power, A-2 Devices ... 16 MHz Min (TOP VIEW) 


е Choice of Input/Output Configuration 


* Package Options Include Both Ceramic DIP 
and Chip Carrier in Addition to Ceramic 
Flat Package 


I 3-STATE REGISTERED 1/0 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 


АСТ | о | 2 | o 






Прасе | 8 | o [Femen] + | 
[нє] 8 | o | ебчаөшлөэ | 2 | 
Грасенв | 5 | 0 |вөөөөшвлөө | о | 
description 
| | РА 1618: 
These programmable array logic devices feature FK PACKAGE 


high speed and a choice of either standard or 
half-power devices. They combine Advanced 
Low-Power Schottky technology with proven 
titanium-tungsten fuses. These devices will 
provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy 
programmability allow for quick design of "custom" 
functions and typically results in a more compact 
circuit board. In addition, chip carriers are 
available for further reduction in board space. 


The Half-Power versions offer a choice of 
operating frequency, switching speeds, and power 
dissipation. In many cases, these Half-Power 
devices can result in significant power reduction 
from an overall system level. 





The PAL16' M series is characterized for operation 
over the full military temperature range of -55°C 
to 125°С. 


PAL is a registered trademark of Advanced Micro Devices Inc. 
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РА!1684' РА! 1684: 
J ORW PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





PAL16R6' PAL16R6' 
J OR W PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





PAL16R8' РА 1668" 
J ORW PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 
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functional block diagrams (positive logic) 


PAL16L8AM 
PAL16L8A-2M 
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PAL16R4AM 
PAL16R4A-2M 





^ denotes fused inputs 
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functional block diagrams (positive logic) 


PAL16R6AM 
PAL16R6A-2M 


E 





PAL16R8AM 
PAL16R8A-2M 


A 





^N. denotes fused inputs 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 


vo 


vo 


vo 


vo 


vo 


vo 





TEXAS Зу 


INSTRUMENTS 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 


2-63 


РА 16Н4АМ, PAL16R4A-2M 
STANDARD HIGH-SPEED PAL? CIRCUITS 


58Р5016 — 02705, FEBRUARY 1984 — REVISED MARCH 1992 


logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
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Fuse number - First fuse number + Increment 
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г ла 
та 
а 


va 
а 


và 
|ж 


Г Ч ГЫ БЫ 


11 __ 


PAL16L8AM, PAL16L8A-2M, PAL16R4AM, РА 16А4А-2М 
PAL16R6AM, PAL16R6A-2M, PAL16R8AM, PAL16R8A-2M 
STANDARD HIGH-SPEED PAL? CIRCUITS 


5НР5016- 02705, FEBRUARY 1984 - REVISED MARCH 1992 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) .......................................................2..... 7М 
привуокаде (see Nota). пос skies ланы e celos e QA quy не 5.5М 
Voltage applied to disabled output (see Note 1) ............................................... 5.5V 
Operating free-air temperature range ............................................... -55°C to 125°C 
Storage temperature range «ose bee chee uay ha RYE UV нее қыта gare ~65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


Усс 
Мн High-level input voltage 
Ми. i 


Low-level input voltage 
OH High-level output current 
OL Low-level output current 





Operating free-air temperature 





% 
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electrical characteristics over recommended operating free-air temperature range 


TEST CONDITIONS 

Voc = 4.5 V, | - -18 mA 

Voc = 45V. он--2 тА 

Voc = 4.5 V, lo = 12 mA 

: - 

СС = 5.5 М, Мо =2.7V 

lozL Voc = 5.5 V, Мо 204V 

| 

и | Хсс-55У, Vj- 55V 

Vcc = 5.5 V, М =2.7 М 
ІШ Усс-5.5У, М1+0.4 V 

lost | Хсс-55У, Мо =0.5V 


Voc = 5.5 М, М = 0, Outputs open 
timing requirements 











fclock Clock Frequency 


Clock high 
tw Pulse duration (see Note 2) Clock low 


tsu Setup time, input or feedback before CLKT 25 


th Hold time, input or feedback after CLKT | о | 


NOTE 2: The total clock period of clock high and clock low must по! exceed clock frequency, Їсїоск- The minimum pulse durations specified are 
only for clock high or low, but not for both simultaneously. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (OUTPUT) TEST CONDITION MIN түрі МАХ | UNIT 
[25 45 [м | 


R1 = 390 0, 
R2 - 750 0, 


See Figure 1 





ТАП typical values are а Усс = 5 V, ТА = 25°С. 
Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vo at 0.5 V to avoid 
test equipment degradation. 
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electrical characteristics over recommended operating free-air temperature range 


lot = 12 mA 


ру | 
[V 
ву | 
ШЕ 


У 

у 

V 
pA 
mA 


Vo =0.4V 


М! = 5.5\ 


rte V 5.5 V, Ме2.7У 
All others esr Јаши 
RES Усс- 55 V, VI -04 V 


loc Voc - 5.5 М, Уі -0, 





timing requirements 


folock Clock Frequency 


tw Pulse duration (see Note 2) Clock low 


Зи Setup time, input or feedback before СЕКТ 35 
th Hold time, input or feedback after CLKT 


NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fclock- The minimum pulse durations specified are 
only for clock high or low, but not for both simultaneously. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN ТҮРІ МАХ | UNIT 


лиг гэг cm 5 
Luo ENTE 


Жы | e 

















CLKT R1 = 390 ©, 
ОЕ! R2 = 750 ©, 





оо 


O, I/O 


T All typical values are at Voc = 5 V, TA = 25°С. 
Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vo at 0.5 V to avoid 
test equipment degradation. 
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PARAMETER MEASUREMENT INFORMATION 


$ 
81 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
9-STATE OUTPUTS 
3v ---- зу 
Timin High-Level 
Input 15V ЭЛ цан 15V 15V 
4. —— = — — о | | о 
0—06 ФЕ in На tw тэн 
| фото зи 
Data 15V 15V | | 3v 
Input | ' Low-Level 15V 15V 
0 Pulse ` | 
ee 0 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
3v 
Output 
Control . 
(low-level 
enabling) Hense 0 





------ | 7 =9.3 V 
Waveform 1 \ 1.5 У é VoL + 0.5 V 
81 Closed -—* 
(see Note B) = 





— VoL 
| tais ю- 
utp ten >| (И- | + 
Wavetorm 2 | — — Vor 
VOLTAGE WAVEFORMS цав Now B) 15V * Мон - 0.5 V 
PROPAGATIONDELAYTIMES МХ 20V 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-ЗТАТЕ OUTPUTS 


NOTES: A. CL includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tais. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. All input pulses have the following characteristics: PAR < 10 MHz, tr and 152 ns, duty cycle = 50% 
. When measuring propagation delay times of 3-state outputs, switch 51 is closed. 
. Equivalent loads may be used for testing. 


moo 


Figure 1. Load Circuit and Voltage Waveforms 
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° High-Performance Operation: СӨШӨХ ЗОН NPACKAGE 
fmax (no feedback) M SUFFIX... J PACKAGE 
TIBPAL16R' -5C Series . .. 125 MHz Min пари 
TIBPAL16R’ -7M Зепез... 100 MHz Min 


fmax (internal feedback) 
TIBPAL16R’ -5C Series ... 125 MHz Min 
TIBPAL16R’ -7M Series . . . 100 MHz Min 
fmax (external feedback) 
TIBPAL16R’ -5C Series . . . 117 MHz Min 
TIBPAL16R’ -7M Series . . . 74 MHz Min 
Propagation Delay 
TIBPAL16L8-5C Series... 5 ns Мах 
TIBPAL16L8-7M Series ... 7 ns Max 
TIBPAL16R’ -5C Series 
(CLK-to-Q) ... 4 ns Мах 
TIBPAL16R’ -7M Series 
(С1К40-0)... 6.5 ns Max 


* Functionally Equivalent, but Faster than, 





Existing 20-Pin PLDs EXE 
* Preload Capability on Output Registers C SUFFIX... FN PACKAGE 
Simplifies Testing M шон ет 


е Power-Up Clear оп Registered Devices (АП 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


* Package Options Include Both Plastic and 
Ceramic Chip Carrlers in Addition to Plastic 
and Ceramic DIPs 


* Security Fuse Prevents Duplication 


3-ЗТАТЕ REGISTERED vo 
INPUTS О OUTPUTS © OUTPUTS Am 


Ге [о ОЕ о 





р а S s ш 
Пелева | 0] ебащевиее | 2 | 
пе 5 [0] 8 @-tato bate [6 | 





Pin assignments in operating mode 


description 


These programmable array logic devices feature high speed and functional equivalency when compared with 
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically 
results in a more compact circuit board. 


The TIBPAL16' C series is characterized from 0°C to 75°C. The TIBPAL16' М series is characterized for 
operation over the full military temperature range of —55*C to 125°C. 


These devices are covered by U.S. Patent 4,410,987. 
1МРАСТ-Х is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





This documsntoontains Information on їл more then one 1 
Mes grae моон ples беті 4 Copyright © 1992, Texas Instrumenta Incorporated 
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TIBPAL16R4' 
С SUFFIX... J OR N PACKAGE 
М SUFFIX... J PACKAGE 


(TOP VIEW) 





TIBPAL16R6' 
C SUFFIX... OR N PACKAGE 
M SUFFIX... J PACKAGE 


(TOP VIEW) 


=> OMAN OA b; @ N = 





TIBPAL16R8' 
С SUFFIX ...J OR N PACKAGE 
M SUFFIX... J PACKAGE 


(TOP VIEW) 





Pin assignments in operating mode 


ТПВРА 1684 
С SUFFIX... FN PACKAGE 
MSUFFIX... FK PACKAGE 


(TOP VIEW) 





TIBPAL16R6' 
C SUFFIX... FN PACKAGE 
MSUFFIX... FK PACKAGE 


(TOP VIEW) 





TIBPAL16R8' 
С SUFFIX... FN PACKAGE 
MSUFFIX... FK PACKAGE 


(TOP VIEW) 








2-72 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


TIBPAL16L8-5C, TIBPAL16R4-5C 
TIBPAL16L8-7M, TIBPAL16R4-7M 
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


0110 - 03359, OCTOBER 1989 – REVISED SEPTEMBER 1992 


functional block diagrams (positive logic) 


TIBPAL16L6’ 





TIBPAL16R4' 





СУ, denotes fused inputs 
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functional block diagrams (positive logic) 
TIBPAL16R6° 


е 
> 


ЛОВИ 


9 (2 





TIBPAL16R6' 


а 
а 
а 
а 
а 
а 
а 
а 


= 
= 
= 
нь 
= 
ES 
нь 
mi 





“хуу denotes fused inputs 
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TIBPAL16L8-5C 
TIBPAL16L8-7M 
HIGH-PERFORMANCE /МРАСТ-Хтм PAL® CIRCUITS 
SRPS011D – D3359, OCTOBER 1989 - REVISED SEPTEMBER 1992 
logic diagram (positive logic) 


1 
1 


FIRST 
FUSE 
NUMBERS 


INCREMENT 


19 


18 
vo 


17 
vo 


16 
vo 


15 
vo 


14 
vo 


vo 





mM Re EE EH Corer 
9 674 Ш 
-3-1 гт гт ВИ Е ВИ И А I 


Fuse number - First fuse number + Increment 
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logic diagram (positive logic) 


CLK 


1 


2 INCREMENT 


FIRST /N 
FUSE 


NUMBERS 0 4 8 12 16 20 24 28 31 


~ 
x 
o 

ГТО ТИІ 


z 
o 
= 
ПО ОВ 


I—H— 
2016 шин в 

ш ч 
L^ Se ee ЕЕЕ, я 


Fuse number = First fuse number + Increment 





ә 
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logic diagram (positive logic) 


INCREMENT 
FIRST 
FUSE өнцөг 
NUMBERS 0 4 8 12 16 20 24 28 31 


2 
1 
3 
1 
4 
I 
5 
I 
6 
I 
m d 
в 
= 
эшш 
cow 
1 
За 
s 
5—1 
8 
1 
9 
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logic diagram (positive logic) 
1 








ск —{]> 
INCREMENT 
FIRST 
FUSE 
NUMBERS 0 4 8 12 16 20 24 28 31 
9 гт гэ тэгнэ 
32 HHA гэг тг гэг 





р 2 
788 14-11 
802 Баш 
832 Ваш 
884 Pam 
928 R 
om 
269 иш раш 
55: 992 D 
164 222022 
1024 
1024 CR 
1088 
1152 
1184 
1216 
6 1248 
г-- 5-1 


ДА 
= 
ю 
о 
---HE-HHHH-H-HHHHHHHHHHHHHHHHHHHHHHHHHHRH EH 1 1111-1111 


8-06 rL TI = 
I—D;—TTT—TFTTTT—TTTTTT Tr 


Fuse number = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) .........................................1.1.................. 7V 
Input voltage (see Note 1)- аа лера ES ES ае EERE ҮЛ 5.5 V 
Voltage applied to disabled output (see Note 1) ..............................................4 5.5V 
Operating free-air temperature range ................................................. 0°С to 76°C 
Storage temperaturerange ...................................................... ~65°C to 150*C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 
recommended operating conditions 


Supply voltage 












a TEA рас E) 
C T 
іон High-level output current 3.2] 
p. Low-level output current 






Operating free-air temperature 


Tr 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noíse. Testing these parameters should not be attempted without suitable equipment. 


electrical characteristics over recommended operating free-air oe range 


PARAMETER TEST CONDITIONS 
Уо0-4754 он- -32 mA 


VoL сс = 475, lou = 24 mA 


Voc = 5.25 V, М! =5.5 У 
Voc = 5.25 V, М! = 2.7 V 
Усс = 5.25 V, V| =0.4 V 
Усс = 5.25 V, Мо = 0.5 V 
Voc = 5.25 V, М! = 0, Outputs open 
t= 1 MHz, МЕ2У 
f= 1 MHz, Vo=2V 

Tan typical values are at Voc = 5 V, TA = 25°C. 

МО leakage is the worst case of lozL and ||| or lozH and Ин, respectively. 


§ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM то ТЕЗТ 
PARAMETER | (INPUT) (OUTPUT) CONDITIONS 


with up to 4 outputs 
switching 


‘pd оло with more than 4 R1 = 200 О, 
6 outputs switching R2- 200 9, 


[wm | ue | олю =“ 
n , 





РВОрОСТЮН DATA Information is current 88 01 publication дав. 

rir со et the forme of Texas лын 
processi not necessari 

peer ting 223 parameters. a 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) .........................................................2.... 7V 
input: voltage (see Nöte T) «risus eue br nme рае (ras air ea he e Ұн етіне 5.5 V 
Voltage applied to disabled output (see Note 1) ............................................... 5.5 V 
Operating free-air temperature range ................................................... 0°C to 76°C 
Storage temperature гапде ....................................................... —65*C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


Supply voltage 4.75 5 5.25 
2 






Усс 

: 

[Vi Llewleelmputwolape(seeNote2 | 8 | 
По жоем ООО | _____=| ом | 



























вас Clock frequency 252777774 | мш, 
| High a 

tw Pulse duration, clock 0 — = | 

ртр 

ћи Hold me, input or feedbackafier 222222221222 | тз | 

о 35 в 





NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 
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electrical characteristics over recommended operating free-air temperature range 


к ЕЕ | ЕЕ ЕКЕН 
Мн eo = 476, юн 2214 жт |У 
Е eae ee Е Ни. 
ошл | соси ры | 
од — | морава —  Wo-Mv — — мы | 
по ом: оо .| 
"Гэсэн ээн рови 
| Мос ав ОЕ 
loss — 
A 






E 


5 





Voc = 5.25 V, Мо =0.5V 
| Усс = 5.25 V, Уү-0, Outputs open 


| mA | 
EE 
+ 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


TIBPAL16R4-5CJ 

TIBPAL16R4-5CFN | TIBPAL16R6-5CJ 

PARAMETER FROM TO TEST TIBPAL16R6-5CFN | TIBPAL16R4-5CN 
(INPUT) (OUTPUT) CONDITIONS TIBPAL16R6-5CN 


without | witheutfeedback ________ 


| us "uum pu e. 4 
Гы [от [тетик | Ri=2000, 
Гэж | о> | a | seFewes 
"ЖЭ "wm ет 
а Л ме Те ата 
азығын уу то ет 
Виста та пт 921 
Сао? | кон between registered oupute | 


Tal typical values are at Voc = 5 V, Ta = 25°C. 
tio leakage is the worst case of lozL and || or lozH and Ин, respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See "тах Specification’ near the end of this data sheet. 
tak (0) is the skew time between registered outputs. 











per the terme of Texas Instruments 
sanded ren. processing does not necessarily 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) ........................................................2.2... 7V 
Input voltage (see Note 1) ............................................................ . .... 5.5V 
Voltage applied to disabled output (see Note 1) .................... mE 5.5V 
Operating free-air temperature range ................................................... 0°С to 75*C 
Storage temperaturerange ..................................................4..... —65°С to 150*C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


ee 
475 


= High Fr a 
шзе duration, сос 
Y Low е 


tsu Setup time, input or feedback before clockT 
th Hold time, input or feedback after clockT 





ТА Operating free-air temperature 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 
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electrical characteristics over recommended operating free-air temperature range 


Ён TIBPAL16R6-5CJ 
Цадаса ЕСЕН 
РАНАМЕТЕН TEST CONDITIONS | TBPALIRESOEN | TIBPAL16R8-5CN 


мн ТҮРІ МАХ | MIN ТҮР! МАХ 
[Mk | Mgg- 4780, ия ШИНГЭН 


Мон | [| Усс-4754, | lou--32mA 24 27 24 27 
зо [= юртим 
122221 55:52 Veen 


lozL Усс = 5.25 V, Мо = 0.4 V 


УК 
Мон 
VoL 
| оству мевзу | 
lin | №с=5.25\, | М-2.7М 

los | 0-55, о ë ë ë |œ о 
Усс =5.25\, | Vj-0, Outputs open 


Пин _ 
дена 213 Улан 


Со 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


TIBPAL16R8-5CJ 

PARAMETER FROM то TEST TIBPALT6RE-SCFN | separ 16 6.5CN 
(INPUT) (OUTPUT) CONDITIONS 

MIN ТҮР" МАХ | мм ТҮР! MAX 


without feedback 
with intemal feedback (counter configuration) 125 
with external feedback 


сік? with up to 4 outputs 
i Switching R1 - 2000, 


CLKT with more than 4 R2 - 200 9, 
outputs awitching See Figure 8 


Internal feedback 





Skew between outputs 


ТА typical values are at Усс = 5 V, TA = 25°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See "тах Specification’ near the end of this data sheet 
This parameter is calculated from the measured fmax with internal feedback in a counter configuration (see Figure 2 for illustration). 
# ек (о) В the skew time between registered outputs. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) ......................................................... ... 7V 
Input voltage (see Note 1) ................................................................. 5.5 V 
Voltage applied to disabled output (see Note 1) ................................................ 5.5 V 
Operating free-air temperature range ........ Paqay ata ТТ .... 55°С to 125°C 
Storage temperature range: ааа ea e AD а ар TUNE A Ra ЬЕ —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


Voc Supply voltage 4.5 5 5.5 
VIH High-level input voltage (see Note 2) 
VIL Low-level input voltage (see Note 2) оов У | 

IEEE m | 








loH High-level output current -2 
Е Low-level output ситен 222222 m 


felockt Clock frequency 


t | Наћ 
iw Pulse duration, clock 
Low 


taut Setup time, input or feedback before clockT | ЕГІЗ 












tht Hold time, input or feedback after clockT 
Ta Operating free-air temperature 
Т folock tw tsu and th do not apply to ТЇВРА11618” 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 
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electrical characteristics over recommended operating free-air temperature range 
PARAMETER TEST CONDITIONS 
m = Қ . У 


Voc = 4.5 V, 


: 5 : 
Voc = 4.5 V, 025 05] У | 


CNN rum 
V 5.5 V, 
По pers 007 2 _ 3 


Voc = 55 V, Vo 04V 


ПО ports | — — — ám 


Мес = 55V, =5.5 М 


Нера ропв 

Мос = 55 V, Vi 27V 
All others 96 ! 

Voc - 55V, Vis 0.4 V 


Мес = 5.5 V, Мо =0.5 V 
Усс = 5.5 V, VI=GND, OE=Vin, Outputs open 
f=1 MHz, М=2\ 


Уо-2У 


tan typical values are at Усс = 5 V, ТА = 25°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Мо is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


without feedback 
with intemal feedback 
(counter configuration) 


with external feedback R1 = 390 0, 


В2 = 750 ©, 
See Figure 8 





$ бөө "тах Specification’ near the end of this data sheet. fmax does notapply for TIBPAL16L8’. fmax with external feedback is not production tested 
and is calculated from the equation located in the fmax specifications section. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


asynchronous preload procedure for registered outputs (see Figure 1 and Note зу 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Му, raise Pin 11 to Мнн. 

Step 2. Apply either VIL or Мн to the output corresponding to the register to be preloaded. 

Step 3. Lower Pin 11 to 5 V. 

Step 4. Remove output voltage, then lower Pin 11 to Му. Preload can be verified by observing the 
voltage level at the output pin. 





| | | | 
зай хивс манжин ЛА анин че 
| 


| +——Мн | Мон 
осаду м) үлээн 
ма ч 


OL 


Figure 1. Asynchronous Preload Waveforms t 


T Not applicable for TIBPAL16L8-5C and TIBPAL16L8-7M. 
NOTE 3: tg = tau = th 100 ns to 1000 ns 
VIHH = 10.25 V to 10.75 V 
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power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Усс be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until ail applicable input and feedback setup times are met. 


Voc аи sv 
| 
— БЕННЕТ. 


| (600 ns ТҮР, 1000 ns МАХ) | 


Active Low Мон 
Registered Output 15V 
ао VoL 
--: >» 
| | Мн 
CLK 1.5У 1.5V 
=== Vib 
| М | 


T This в the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
+ This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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fmax SPECIFICATIONS 


fmax Without feedback (see Figure 3) 


In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback. 
Under this condition, the clock period is limited by the sum of the data setup time and the data hold time (tsu + th). 
However, the minimum fmax is determined by the minimum clock period (ty high + ty low). 

1 1 


Thus, fmax without feedback = Ttwhigh + twlow) or Tsu + t ' 


CLK 


tsu + th 
or 
ty high + ty low 


Figure 3. fmax Without Feedback 


fmax With internal feedback (see Figure 4) 


This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are 
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay 
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop. 

1 


Thus, fmax with internal feedback = (su + tpg CLK-10- FB) 


Where tpd CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array. 
CLK 


— ние tpd CLK-to-FB E 


Figure 4. Крах With Internal Feedback 
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fmax SPECIFICATIONS 


fmax With external feedback (see Figure 5) 


This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback 
could go back to the device inputs orto a second device in a multi-chip state machine. The slowest path defining 
the period is the sum of the clock-to-output time and the input setup time for the external signals 
(tsu + ра CLK-to-Q). 

1 


Thus, f ith external feedback = ———. 
us, fmax with external feedbac! (su + tpg СЇК-10-0) 


CLK 


Logic [> Next Device 


F e gutta ныг 


Figure 5. fmax With External Feedback 
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THERMAL INFORMATION 


thermal management of the TIBPAL16R8-5C 


Minimum Transverse Air Flow — ft/min 





Thermal management of the TIBPAL16R8-5CN and TIBPAL16R8-5CFN is necessary when operating at certain 
conditions of frequency, output loading, and outputs switching simultaneously. The device and system 
application will determine the appropriate level of management. 


Determining the level of thermal management is based on factors such as power dissipation (Pp), ambient 
temperature (TA), and transverse airflow (FPM). Figures 6 (a) and 6 (b) show the relationship between ambient 
temperature and transverse airflow at given power dissipation levels. The required transverse airflow can be 
determined at a particular ambient temperature and device power dissipation level in order to ensure the device 
specifications. 


Figure 7 illustrates how power dissipation varies as a function of frequency and the number of outputs switching 
simultaneously. It should be noted that all outputs are fully loaded (C, = 50 pF). Since the condition of eight fully 
loaded outputs represents the worst-case condition, each application must be evaluated accordingly. 


MINIMUM TRANSVERSE AIR FLOW MINIMUM TRANSVERSE AIR FLOW 
vs vs 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


Minimum Transverse Air Flow — ft/min 





TA - Ambient Temperature -“С TA – Ambient Temperature – °С 
(а) TIBPAL16R8-5CN (b) TIBPAL16R8-SCFN 


Figure 6 
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THERMAL INFORMATION 


POWER DISSIPATION 
vs 
FREQUENCY 
1800 


ТА = 25 °С 
CL = 50 pF 


8 Outputs Switching 
7 Outputs Switching = 
6 Outputs Switching -— 


иш!!! 
5 Outputs Switching 
4 Outputs Switching =) Jl 


3 Outputs Switching < 
2 Outputs Switching AI 
1 Output Switching 


НИЙ 
47 , y 
a" 


100 200 


f - Frequency - MHz 


Figure 7 





pas 97 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-91 


TIBPAL16L8-5C, TIBPAL16R4-5C, TIBPAL16R6-5C, TIBPAL16R8-5C 
TIBPAL16L8-7M, TIBPAL16R4-7M, TIBPAL16R6-7M, TIBPAL16R8-7M 
HIGH-PERFORMANCE /MPACT-X^" PAL? CIRCUITS 


SRPSO11D – 03359, OCTOBER 1989 – REVISED SEPTEMBER 1992 


PARAMETER MEASUREMENT INFORMATION 


1 
81 
R1 
From Output Test 
Under Test Point 
с R2 
(see Note A) 
LOAD CIRCUIT FOR 
9-STATE OUTPUTS 
av ---- зу 
Timing 15V High-Level 15V 15V 
Input 4 БАР РЕНЕА 0 Риве | | А 
ци» ЭГЧ NA 
Data 154 Хари Ку | | зү 
Input . Low-Level 
р 0 Pulse 15V 15V 
(see Note B) umm 
{see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
3v 
Output 
Control 15V 15V 
(low-level 
enabling) E EE. Note B) 
ten +- зее Но 
| | 4990 +- 


| 
tn> ЮМ 





| + 
Wavetorm 2 | = Мон 
VOLTAGE WAVEFORMS ( koe Note O 15V +. Мон -0.5V 
PROPAGATION DELAY TIMES 11 3G4eNeeC) —  7/ ^ ——— N 203 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. CL includes probe and jig capacitance and is 50 pF for рд and ten, 5 pF for tqiə. 
B. All input pulses have the following characteristics: For C suffix, PRR < 1 MHz, t = tf = 2 ns, duty cycle = 50%; For M suffix, 
PRR s 10 MHz, | = tt < 2 ns, duty cycle = 50% 
. Waveform 1 is for an output with internal conditio ns such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
. Equivalent loads may be used for testing. 


то о 


Figure 8. Load Circuit and Voltage Waveforms 
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metastable characteristics of TIBPAL16R4-5C, TIBPAL16R6-5C, and TIBPAL16R8-5C 


At some point a system designer is faced with the problem of synchronizing two digital signals operating at two 
different frequencies. This problem is typically overcome by synchronizing one of the signals to the local clock 
through use of a flip-flop. However, this solution presents an awkward dilemma since the setup and hold time 
specifications associated with the flip-flop are sure to be violated. The metastable characteristics of the flip-flop 
can influence overall system reliability. 


Whenever the setup and hold times of a flip-flop are violated, its output response becomes uncertain and is said 
to be in the metastable state if the output hangs up in the region between Vj and Мн. This metastable condition 
lasts until the flip-flop falls into one of its two stable states, which takes longer than the specified maximum 
propagation delay time (CLK to Q max). 


From asystem engineering standpoint, a designer cannot use the specified data sheet maximum for propagation 
delay time when using the flip-flop as a data synchronizer — how long to wait after the specified data sheet 
maximum must be known before using the data in order to guarantee reliable system operation. 


Thecircuit shown in Figure 9 can be used to evaluate MTBF (Mean Time Between Failure) and At for a selected 
flip-flop. Whenever the Q output of the DUT is between 0.8 V and 2 V, the comparators are in opposite states. 
When the Q output of the DUT is higher than 2 V or lower than 0.8 V, the comparators are at the same logic level. 
The outputs of the two comparators are sampled a selected time (At) after system clock (SCLK). The exclusive 
OR gate detects the occurrence of a failure and increments the failure counter. 

Nolse DUT 


Мн 
Generator Гэ 1 Comparator MTBF 
| | Counter 





Data in 


SCLK 


SCLK + At 


Figure 9. Metastable Evaluation Test Circuit 
In order to maximize the possibility of forcing the DUT into a metastable state, the input data signal is applied 


so that it always violates the setup and hold time. This condition is illustrated in the timing diagram in Figure 10. 
Any other relationship of SCLK to data will provide less chance for the device to enter into the metastable state. 


Data In 








SCLK 





SCLK «At 


Time (sec) 


Minis $ Fallures 


tree = At - СІК to Q (max) 


Figure 10. Timing Diagram 
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By using the described test circuit, MTBF can be determined for several different values of At (see Figure 9). 
Plotting this information on semilog scale demonstrates the metastable characteristics of the selected flip-flop. 
Figure 11 shows the results for the TIBPAL16'-5C operating at 1 MHz. 


Чак = 1 MHz 
fdata = 500 kHz 


MTBF — Mean Time Between Fallures -s 





0 10 20 30 40 50 60 70 
At- Time Difference – ns 


Figure 11. Metastable Characteristics 


From the data taken in the above experiment, an equation can be derived for the metastable characteristics at 
other clock frequencies. 


TE -C2 x At 
The metastable equation: wine = fscLK X fdata x C1 e ( x At) 


The constants C1 and C2 describe the metastable characteristics of the device. From the experimental data, 
these constants can be solved for: C1 = 4.37 X 1073 and C2 = 2.01 


Therefore 
1 З е (C2.01 x At) 


МТВЕ = fSCLK x fdata х 4.37 х 10^ 
definition of variables 


DUT (Device Under Test): The DUT is a 5-ns registered PLD programmed with the equation О: = D. 


MTBF (Mean Time Between Failures): The average time (s) between metastable occurrences that cause a 
violation of the device specifications. 


fsck (system clock frequency): Actual clock frequency for the DUT. 

fdata (data frequency): Actual data frequency for a specified input to the DUT. 
C1: Calculated constant that defines the magnitude of the curve. 

C2: Calculated constant that defines the slope of the curve. 


trec (metastability recovery time): Minimum time required to guarantee recovery from metastability, at a given 
MTBF failure rate. Нес = At – {ра (CLK to Q, max) 
At: The time difference (ns) from when the synchronizing flip-flop is clocked to when its output is sampled. 


The test described above has shown the metastable characteristics of the TIBPAL16R4/R6/R8-5C series. For 
additional information on metastable characteristics of Texas Instruments logic circuits, please refer to TI 
Applications publication SDAA004, "Metastable Characteristics, Design Considerations for ALS, AS, and LS 
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TYPICAL CHARACTERISTICS 
LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 
vs vs 
LOW-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 





| 

: 
о 
: 
5 

3 
= 
4 
ээ 
= 

] 

= 
9 

-20 
-08 -0.6 -04 -02 0 02 04 06 08 0 0.5 1 1.5 2 2.5 3 
VoL — Low-Level Output Voltage – V Уон – High-Level Output Voltage – V 
Figure 12 Figure 13 
SUPPLY CURRENT 


vs 
FREE-AIR TEMPERATURE 


| TY 
мае = 


шақыра 
Voc = 475У 
21127 


00 
-75 -50 -25 25 50 (75 100 125 
ТА- “зас Alr Temperature -°C 


loc - Supply Current – mA 





Figure 14 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
vs PROPAGATION DELAY TIME 
FREQUENCY vs 
8-ВЇТ COUNTER MODE SUPPLY VOLTAGE 
ТА = 25 °С 
CL = 50 pF 
R1 = 200 0 
= R2 = 200 Q 
г 8 
Е 
2 4 
i PUN Ë | өнөө | 
а ТА = 25 °С ғ 
2 š (рн UO to O, VO) к 
š 5 
+ 1 
oo е 
а 
1 2 4 10 20 40 100 200 4.5 4.75 5 5.25 5.5 
f - Frequency - MHz Voc - Supply Voltage — V 
Figure 15 Figure 16 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
Усс =5 V 
CL =50 pF 
R122000 
R2 = 2000 
и a 
Е Е 
1 1 
Ë Ë 
Е Е 
> > 
5 s 
5 Ф 
a a 
Е с 
© с 
Н 5 
š 8. 
° Р 
а a 
0 
-75 -50 -25 0 25 50 75 100 125 0 200 300 400 500 600 
ТА – Ғгев- Alr Temperature - °C apris — Load Capacitance — pF 
Figure 17 Figure 18 
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TYPICAL CHARACTERISTICS 
SKEW BETWEEN OUTPUTS PROPAGATION DELAY TIME 
NUMBER OF OUTPUTS SWITCHING NUMBER OF OUTPUTS SWITCHING 


Үсс-5У 
ТА = 25 °С 
CL = 50 pF 
В1 = 200 0 
R2 = 2000 


А = tpHL (1, VO to O, VO) 
А = tpLH (1, VO to O, VO) 
© =1РНЕ (CLK to Q) 
Ф = tPLH (CLK to Q) 


Propagation Delay Time - ns 





1 2 3 4 5 6 7 8 
Number of Outputs Switching Number of Outputs Switching 


Figure 19 Figure 20 
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TIBPAL16L8' 


е High-Performance Operation: САН Z OR РАСКАбЕ 


fmax (no feedback) M SUFFIX . . . J PACKAGE 
(TOP VIEW) 


TIBPAL16R’-7C Series ... 100 MHz Min 

TIBPAL16R’-10M Series . . . 62.5 MHz Min 
fmax (internal feedback) 

TIBPAL16R’-7C Series . . . 100 MHz Min 

TIBPAL16R'-10M Series ... 62.5 MHz Min 
fmax (external feedback) 

TIBPAL16R'-7C Series . . . 74 MHz Min 

TIBPAL16R’-10M Series . . . 52.5 MHz Min 
Propagation Delay 

TIBPAL16L’-7C Series ... 7 ns Max 

TIBPAL16L’-10M Series . .. 10 ns Max 


* Functionally Equivalent, but Faster than, 
Existing 20-Pin PLDs 





е Preload Capability on Output Registers TIBPAL16L8' 
ае ышы алт DE 
9 Power-Up Clear оп Registered Devices (АН (TOP VIEW) 


Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


* Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


* Security Fuse Prevents Duplication 


е Dependable Texas Instruments Quality and 
Reliability 


1 3-ЗТАТЕ REGISTERED Vo 
INPUTS | OOUTPUTS QOUTPUTS PORTS 











[тз] s | 2 | 9 ej 
Грмлбас 8 T o | эзше БЕН TT 
[pues | s | o (өбчневлөө | 2 | 
ЕСТІСЕ в [0] ТЕТЕ | 0 1 





description 


These programmable array logic devices feature high speed and functional equivalency when compared with 
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically 
results п a more compact circuit board. In addition, chip carriers are available for futher reduction in board space. 


Allofthe register outputs are set to a low level during power-up. Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers 
can be set to an initial state prior to executing the test sequence. 


The TIBPAL16' C series is characterized from 0°С to 75°C. The TIBPAL16' M series is characterized for 
operation over the full military temperature range of —55*C to 125°C. 
These devices are covered by U.S. Patent 4,410,987. 


IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





Products conform to specifications per the terms of Texas Instruments 
warranty. Production processing does not necessarily Include 


PRODUCTION DATA Information № current as of publication date. 4 Copyright © 1992, Texas Instruments Incorporated 
standard 
вебу of ell perameters. 
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TIBPAL16R4' TIBPAL16R4" 
С SUFFIX... J OR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL16R6' TIBPAL16R6' 

C SUFFIX... J OR М PACKAGE С SUFFIX... FN PACKAGE 

M SUFFIX . . . J PACKAGE M SUFFIX, .. FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL16R8' TIBPAL16R8' 
C SUFFIX... J OR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





Pin assignments in operating mode 
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functional block diagrams (positive logic) 


TIBPAL 1616” 
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TIBPAL 1684 





^ denotes fused inputs 
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functional block diagrams (positive logic) 
TIBPAL16R6' 


OE 
CLK 
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БА 
__- 
NEZ 
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== 
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TIBPAL16R8' 


22222 ШЕ 





^w denotes fused inputs 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Incrernent 
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logic diagram (positive logic) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ...................................................2....2... ТМ 
Input voltage (see Note 1) ................ DEM vacua dade eura т вреди ard cord Аа nd 5.5 V 
Voltage applied to disabled output (see Note 1) .............................................. 5.5V 
Operating free-air temperature range ................................................ ... 0°C to 75°С 
Storage temperature range ....................................................... —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


Voc Supply voltage 
VIH High-level input voltage (see Note 2) 
VIL Low-level input voltage (see Note 2) 


он High-level output current 


loL Low-level output current 


felock Clock frequency 


High 
iw Pulse duration, clock (see Note 2) Low 


зи Setup time, input or feedback before clockT 7 
h Hold time, input or feedback after clockT 
TA Operating free-air temperature 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS M 
Veo = 4.75 V, l| - -18mA -08 -15| У 
V 


VoH Vcc = 4.75 V, loH = -3.2 mA 2.4 3.2 





























MEC 
VoL 
Поз  — | осв моо č C T ——— И 
lont [усо-85®ъ vooy č  — мл | 
мы | 
ы“ | Voo=825v, мо o 
Voo= 825v, VET) 
Loss | Vco-525V |. Уо-05У | -30  -70 49) па | 
Усс = 5.25 V, Vi - 0, Outputs open 160  180| та | 
[a E VEEN Pe [Г 
(= мн, Vo-2v | 
T 


All typical values are at Voc = 5 V, TA = 25°С. 

tuo leakage is the worst case of 1021 and || or lozH and ЦН respectively. 

9 Not more than one output should be shorted at а time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 





ТЕХА5 % 
INSTRUMENTS 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 2-107 


TIBPAL16L8-7C, TIBPAL16R4-7C, ТЇВРА! 16Н6-7С, TIBPAL16R8-7C 
HIGH- PERFORMANCE IMPACT-X ™ PAL® CIRCUITS 


$АР$0060 — 03115, MAY 1988 - REVISED MARCH 1992 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM то 
PARAMETER (INPUT) TEST CONDITION MIN E MAX | UNIT 


without feedback 


f with internal feedback 
max* (counter configuration) 


with external feedback 


































| | R1 = 2000, 
R2 = 390 Q, 
Сок | зөвөө — | | зөндөө 

ae сы 


O, I/O 
110 0,10 
Зако)" Skew between registered outputs 


T All typical values are at Voc = 5 V, ТА = 25°С. 
See section for fmax specifications. 

§ This parameter applies to TIBPAL16R4' and TIBPAL16R6' only (see Figure 4 for illustration) and в calculated from the measured fmax with internal 
feedback in the counter configuration. 

T This parameter is the measurement of the difference between the fastest and slowest tod (CLK-to-Q) observed when multiple registered outputs 
are switching in the same direction. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) .................... СЧ ре ЕМ 
„приеуоћаде (5ее Маге I) 45 ей лол ор а e УМ оре два Даган ера 5.5 V 
Voltage applied to disabled output (see Note 1) ............................................... 5.5V 
Operating free-air temperature range ........................................ ЕТТІ —55°С to 125°С 
Storage temperaturerange ......... s една linda e e nc неа eene nnns 098010: 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


С 
1 
| 


Усс Зирру уойаде | 45 5 55] У 
СЕР [| z У 
ТЕТ ЕЕК — — — T У 
[ou воено 1-2 


tw Pulse duration, clock (зее Note 2) pen —— 


mA 


tau Setup time, input or feedback before clockT 


h Hold time, input or feedback after clockT 


TA Operating free-air temperature -55 25 125 °С 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 





electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN ТҮРІ МАХ | UNIT | 
Усс = 457, 12 - 18 mA | 8 -15] v | 
Усс = 45V, lỌH=-2 mA | 24 32 |у | 
Noc = 45 V, [о = 12 тА 09 05| V | 
од: гани ы Усс = 554, Vo =0.4V тА 
г” 248 SS М-55У 

ПО ports 

' [Ороз | vag =55V, уү=2ту 
Н [Aoter Ци | 
еси исоау EN NET: 


Voc = 5.5 V, Outputs open 
буз ТО Е | 
АИ ПЕК ОТ ООО ООС Fj 
[Gne м Е [58 [= | 
ТА typical values are at Усс = 5 V, ТА = 25°С. 

ЏО leakage is the worst case of 1071 and ц or lozH and ін respectively. 


5 Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo В set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN ТҮРІ МАХ Бой 


without feedback 
{ + with internal feedback 
rnax (counter configuration) 


with external feedback 















— oe 010027 нт = эв, 
— оа R2- 7500, 
[S | ок | |вөөөөтө | Soo Figuro 6 
шог 






Ed oH а НЕН 
Лб 0,10 
ЯГ: 0.10 


T All typical values are at Усс = 5 V, ТА = 25°С. 
+ бөө section for fmax specifications. fmax with external feedback is not production tested but is calculated from the equation found in the fmax 


section. 
S This parameter applies to TIBPAL16R4' and TIBPAL16R6' only (see Figure 4 for illustration) and is calculated from the measured fmax with internal 


feedback in the counter configuration. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without havingto step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Му, raise Pin 11 to Мнн. 


Step2. Apply either Му or Мн to the output corresponding to the register to be preloaded. 
Step 3. Pulse Pin 1, clocking in preload data. 


Step 4. | Remove output voltage, then lower Pin 11 to Vii. Preload сап be verified by observing the 
voltage level at the output pin. 


Pin 1 





| 
| JTT VIH | Уон 
Reglstered v9 (жм) ouput 


Figure 1. Preload Waveforms 


NOTE 3: td = tau = th = 100 ns to 1000 ns Мнн = 10.25 V to 10.75 v 
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power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Vog be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until al! applicable input and feedback setup times are met. 


Voc ду 5v 
| 
| 


M 
| 1600 ns ТУР, 1000 ns MAX) | 


Active Low VoH 
Registered Output 1.5 V 
үи - VoL 
Н- tut >» 
| | Мн 
CLK 1.5 У 1.5 У 
Tenez ViL 
| w | 


T This в the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
+ This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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fmax SPECIFICATIONS 


fmax Without feedback, see Figure 3 
In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback. 
Under this condition, the clock period is limited by the sum of the data setup time and the data hold те (іу + th). 
However, the minimum fmax is determined by the minimum clock period (ty high + tw low). 
1 1 


ithout fi == 2. a= as 
Thus, fmax without feedback (whigh + Баси or бй +1)” 


CLK 


LOGIC > 
ARRAY 


{ви + th 
or 
ty high + ty low 


Figure 3. fmax Without Feedback 


fmax With internal feedback, see Figure 4 


This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are 
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay 
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop. 
1 
f with internal fe k = —— == 
Tus; и ыла Ио CLIO ЕВ] 


Where tpd CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array. 
CLK 





-- Би = tpd CLK-to-FB ^ 


Figure 4. fmax With Internal Feedback 
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fmax SPECIFICATIONS 


fmax With external feedback, see Figure 5 


This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback 
could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining 
the period is the sum of the clock-to-output time and the input setup time for the external signals 
(tsu + фа GLK-to-Q). 


Thus, fmax with external feedback = 


1 
(tsu + tod СІК-і- Q) ` 


NEXT DEVICE 





s deseen в 


Figure 5. fmax With External Feedback 
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PARAMETER MEASUREMENT INFORMATION 









Ї 
81 
R1 
From Output Test 
Under Test Point 
с R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
CT (9.5 У) [3 М] 
High-Level 
Timing 15V (3.5 V) [3 v) 7 Pulse 15V 15V 
Input 3 | | (0.3 V) [0] 
Д----- (0.3 V) (0) M— ty —— и 
teu м | | 
| du——- (3.5 У) [3 М) (3.5 V) [3 V] 
(0.3 V) [0] — — —-— (0.3 М) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output (3.5 V) [3 V] 
ся = (3.5 М) [3 V] Control 15V 
Input 15V 15V (ow avel L 
| (0.8 V) [0] enabling) el ИЄ ———— (03) [0] 
п 
tpa —6— 8! ыг іре | фон ж 


V Von 





| кара а =3.3V 
Waveform 1 15V Ё 

$1 Closed | Ч | Ї L.X VoL *05V 
(see Note B) 22 


| zu. don 
ten > e ад 


| | Уон 
Out-of-Phase 
Output 15V 15V Waveform 2 | 7 – Мон 

вее Note D ----у 81 Ореп 
| ) oL (see Note B) 15V t VoH -9.5 V 

VOLTAGE WAVEFORMS с” =0V 

PROPAGATION DELAY TIMES 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. CL includes probe and jig capacitance and is 50 pF for tpa and ten, 5 pF for tqis. 

В. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses (), PRR < 1 MHz, 
{г = tf = 2 ns, duty cycle = 50%; For M suffix, use the voltage levels indicated in brackets | |, PRR < 10 MHz, tr and tj < 2 ns, duty 
cycle = 50% 

О. When measuring propagation delay times of 3-state outputs, switch 51 is closed. 

Е. Equivalent loads may be used for testing. 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 


vs 
FREE- AIR TEMPERATURE 








PROPAGATION DELAY TIME 
vs 
SUPPLY VOLTAGE 











5 Ё 
| 
0 бор гут 
Ё Е ірін (l, VO to О, UO) 
8 5 
> ° 
Š 5 
1 : 22-22 
8 8 ТА = 25 °С 
B а Сі = 50 pF 
R1 = 200 0 
R2 = 3900 
100 0 
-75 -50 -25 0 25 50 75 100 125 4.5 4.75 5 5.25 5.5 
TA – Free- Аг Temperature -°C Усс - Supply Voltage — V 
Figure 7 Figure 8 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
в Ё 
get. A 
Ё Ë 1—2 
Е Е ра 
Е Е ЖИ2 
8 8 Р 
Е с 
2 2 
= s 
a o 
g g 
2 2 | 
| зш ш 
Sn semna [ЖЕ EE 
0 0 
-75 -60 -25 0 25 50 75 100 125 0 100 200 300 400 500 600 
TA – Free- Air Temperature -°C C, - Load Capacitance – pF 
Figure 9 Figure 10 
TEXAS % 
INSTRUMENTS 
2-116 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


TIBPAL16L8-7C, TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C 
TIBPAL16L8-10M, TIBPAL16R4-10M, TIBPAL16R6- 10M, TIBPAL16R8-10M 
HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


50060 -- 03115, MAY 1988 — REVISED MARCH 1992 


TYPICAL CHARACTERISTICS 
POWER DISSIPATION 


vs PROPAGATION DELAY ТЇМЕ! 
FREQUENCY vs 
8-BIT COUNTER MODE NUMBER OF OUTPUTS SWITCHING 


Pp – Power Dissipation — mW 
‘skew — Skew Between Outputs Switching – ns 


1 











Е - Frequency — MHz Number of Outputs Switching 


Figure 11 Figure 12 


PROPAGATION DELAY TIME 
vs 
NUMBER OF OUTPUTS SWITCHING 


Propagation Delay Time — ns 





0 1 2 3 4 5 6 7 8 
Number of Outputs Switching 


Figure 13 


TOutputs switching in the same direction (tpi н compared to tPLH/tPHL to tPHL) 
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е High-Performance Operation: с Е ат а AGE 
fmax (w/o feedback) M SUFFIX ... J PACKAGE 
TIBPAL16R’-10C Series ... 62.5 MHz Min (TOP VIEW) 
TIBPAL16R'-12M Series ... 56 MHz Min 


fmax (with feedback) 
TIBPAL16R'-10C Series ... 55.5 MHz Min 
TIBPAL16R’-12M Series . . . 48 MHz Min 
Propagation Delay 
TIBPAL16L'-10C Series ... 10 ns Max 
TIBPAL16L’-12M Series... 12 ns Max 


* Functionally Equivalent, but Faster than, 
Existing 20-Pin PLDs 


е Preload Capability on Output Registers 
Simplifies Testing 





е Power-Up Clear on Registered Devices (All ТІВРАІ 1616 


Register Outputs аге Set Low, but Voltage С SUFFIX . . . FN PACKAGE 
Levels at the Output Pins Go High) M SUFFIX... FK PACKAGE 
е Package Options include Both Plastic and OREN) 


Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


е Security Fuse Prevents Duplication 


е Dependable Texas Instruments Quality and 
Reliability 


ere Тыа НЬ 88888 Ты 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 
[mugs] о |" 2 | —[-5 | 

[pene | e | 0 | баны | 5 — 
Срасев | e | © | 5Gstaebutes | 2 | 
[pens [в | o | e(@statevurery | 0 | 


description Pin assignments in operating mode 










These programmable array logic devices feature high speed and functional equivalency when compared with 
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically 
results ina more compact circuit board. In addition, chip carriers are available for futher reduction in board space. 


All ofthe register outputs are set to a low level during power up. Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers 
can be set to an initial state prior to executing the test sequence. 


The TIBPAL16' C series is characterized from 0“С to 75°C. The TIBPAL16' M series is characterized for 
operation over the full military temperature range of —55*C to 125°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





PRODUCTION DATA Information is current es of publication dete. Copyright © 1992, Texas Instruments Incorporated 
Products conform to specifications per the terme of Texas Instruments 


warranty. tion processing does not necessarily Include 
tosing of ail parameters. 
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TIBPAL16R4' TIBPAL16R4' 
C SUFFIX ...J OR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





ТВРА 1686" ТВРА 1686" 

C SUFFIX... J OR N PACKAGE C SUFFIX... FN PACKAGE 

M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





= @ m — O Q A ON 





TIBPAL16R8' TIBPAL16R8' 
С SUFFIX... J OR N PACKAGE С SUFFIX ... FN PACKAGE 
M SUFFIX... J PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





Pin assignments in operating mode 
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1987 - REVISED MARCH 19! 
functional block diagrams (positive logic) 
TIBPAL 16L8' 
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TEEF 
21 “| “| 
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221 





TIBPAL16R4' 





^N. denotes fused inputs 
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functional block diagrams (positive logic) 


TIBPAL16R6' 


ОЕ 
CLK 


TIBPAL16R6' 


^N. denotes fused inputs 
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logic diagram (positive logic) 


Increment 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 





CLK > 
Increment 
First 
Fuse 
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Fuse number = First fuse number + Incrernent 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 





Numbers 4 8 12 16 20 24 28 31 
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Fuse number = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ............................................................ 7N 
Input voltage-(see.Note 1); герое sede lS атқа қан ығай аргал 5.5 V 
Voltage applied to disabled output (see Note 1) ................................................ 5.5 У 
Operating free-air temperature range ............................................... ... 0°С to 75°С 
Storage temperature гапде ..................................................4.... —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


Мн High-level input voltage (see Note 2) 
VIL Low-level input voltage (see Note 2) ов! v | 















іон High-level output current -3.2 
loL Low-level output current | 24 па | 








teu Setup time, input or feedback before clockT 
tn Hold time, input or feedback after clockT 
TA Operating free-air temperature 0. 25 75 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


electrical characteristics over recommended operating free-air temperature range 


ОО ИЕ ТАУ ОНИ [a | 





На ЕЕ 
tw Pulse duration, clock (see Note 2) Low nouae I 



















[02]. Voc = 5.25 V, Vo < 0.4 V 
(| Voc=525V, М -55% |_______о2| па | 





re о ПА мо НЕНА вао спав] 
т = Унны суй 66851485 
[ca [рш мокоо | 


ТАЏ typical values are at Voc = 5 V, TA = 25°С. 
ИТ leakage is the worst case of lozL and ||| or lozH and Ин respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. 





5» 


ТЕХА5 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 2-127 


TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C 
HIGH-PERFORMANCE /МРАСТ-Хтм PAL? CIRCUITS 


SRPS017 – 03023, MAY 1987 - REVISED MARCH 1992 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION мн ТҮРІ МАХ | UNIT 


With feedback 55.5 B0 MHz 
Without feedback . 


Ri = 200 Q, 
R2 = 390 0, 
See Figure 3 





ТАП typical values are at Усс = 5 V, ТА = 25°С. 


+ fmax(with feedback) = ————— Еа. ; 1 
тах ) герин ii (CLK to Q) fmax(without feedback) = tw high + tw low 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ........... Vega dE Re Uie RESPON VAR ER S пана 7V 
Іприсуокааде.(ѕее:М№бїе 1). ее а EE обра ned a RENE E 5.5V 
Voltage applied to disabled output (see Note 1) .............................................. 5.5 V 
Operating free-air temperature range ............................................... —55°С to 125°C 
Storage temperature range ..................................................... .. —65°С to 150°С 


NOTE 1: These ratings apply except ог programming pins during a programming cycle. 


recommended operating conditions 
ү =з т ре ан ра ee RED 
[Voc — Зирру voltage | 


с Supply voltage 
| 
| 






[ MN ком мах] 
Vc as s ss] V — 
М онеро ИС 

1 












V 












tw Pulse duration, clock (see Note 2) Tow 


tsu Setup time, input or feedback before clockT [| пз | 
! EA 


h Hold time, input or feedback after clockT 
TA Operating free-air temperature -55 25 125 °С 


NOTE 2: These are absolute voltage levels with respect to the ground рт of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


electrical characteristics over recommended operating free-air temperature range 


Voo- 457, О = T2 mÁ 

















lozL Voc = 5.5 V, Мо = 0.4 V -100 НА 
ho BV м5 
i | voos55v, М-24У 
















loc Voc = 5.5 V, VI = GND, Outputs open 140 220| mA 
EIL TEEN 
f= 1 MHz, Vo-2V 
75 PF 
АОИ ПОЕТ СРО ОС ТУС 


Tall typical values are at Усс = 5 V, Ta = 25°С. 

tyo leakage is the worst case of 1071 and lj or lozH and Ин respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Мо is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN түр! МАХ 


With feedback 










Without feedback 55 85 
| a _ | В 0.10 


н«әю, [торм | 
| m | 


Г-ы Тос |а] нө. |2577 
ы | = [о] зөвөө NN БИНЕ БЕГЕ 


l, VO 0, VO 
| — tds | l, O О.о 


ТАЙ typical values are at Усс = 5 V, TA = 25°С. 


+ tmax(with feedback) =—— » р 1 
тах ) tsu + tog (CLK to Q) ' fmax(without feedback) = TW high + tw bw 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Усс at 5 volts and Pin 1 at VIL, raise Pin 11 to Мнн. 

Step 2. Apply either М. or Мн to the output corresponding to the register to be preloaded. 

Step3. Pulse Pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower Pin 11 to Vi. Preload can be verified by observing the 
voltage level at the output pin. 


Pin1 





| | 
| 1 VIH | VOH 
— (~) m 
=== VL VoL 


Figure 1. Preload Waveforms 


NOTE 3: td = tsu = th = 100 ns to 1000 ns ViHH = 10.25 V to 10.75 v 
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power-up reset (see Figure 2) 
Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Voc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


Усс ам 5V 
| | 
— 5 
| (600 ns ТУР, 1000 ns MAX) | 
Active Low VoH 
Registered Output 1.5У 
Га к VoL 
Н- teu? — 
! | Мн 
CLK 1.5М 15v 
+———— МЕ 
| Wc o 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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PARAMETER MEASUREMENT INFORMATION 
sv 


L 


R1 


From Output Test 
Under Test Ројт 


51 


CL R2 
(see Note A) 


LOAD CIRCUIT FOR 






3-STATE OUTPUTS 
— — — — (8.5 №) [3 №] 
High-Level ( 
Timing Su (3.5 V) [3 V] я 15V 15V 
Input д. . | | (0.3 V) [0] 
Se (0.3 V) [6] M— у —»i 
ци» € th | | 
——- 0590 3.5 М) [8 
Data | ү 15V ӨВЧ Low-Level BSV 
Input 15V . Pulse 15V 15V 
(0.3 V) [0] — — — — (0.3 V) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output (3.5 V) [3 V] 
——— sS (3.5 V) (3 V] i се, 
Input 1.5 У 1.5 У low-leve 
à | ! (0.3 V) [0] enabling) j—— (0.3 V) [0] 
ра —4—01 . Фа 
In-Phase | | pP any 
Output - Waveform 1 
VoL 81 Closed _— Ф Nonae v 
я». (вее Мо!е В) — VoL 
Фа 4—0 в. + 
| | Мон 
Out-of-Phase | 
Output 15V 1.5 У Waveform 2 = ас Уон 
вее Note D - —-w 81 Open 
| ! 9k (see Note B) . Е Уон -0.5 V 
VOLTAGE WAVEFORMS =0 V 
PROPAGATION DELAY TIMES 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. CL includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tdis. 

B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control, 

C. А input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses ( ), PRR < 1 MHz, 
tr = tf = 2 ns, duty cycle = 50%; For M suffix, use the voltage levels indicated in brackets |), РАН < 10 MHz, tr and | < 2 ns, duty 
cycle = 50% 

D. When measuring propagation delay times of 3-state outputs, switch 51 is closed. 

E. Equivalent loads may be used for testing. 


Figure 3. Load Circuit and Voltage Waveforms 


% 


ТЕХА6 
INSTRUMENTS 


POST OFFICE BOX 655303 # DALLAS, TEXAS 75265 2-133 





TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C 
HIGH-PERFORMANCE /MPACT-X™ PAL? CIRCUITS 


SRPSO17 - 03023, MAY 1987 — REVISED MARCH 1992 


metastable characteristics of TIBPAL16R4-10C, TIBPAL16R6-10C, and TIBPAL16R8-10C 


DATA IN 


SCLK 


SCLK + At 


At some point a system designer is faced with the problem of synchronizing two digital signals operating at two 
different frequencies. This problem is typically overcome by synchronizing one of the signals to the local clock 
through use of a flip-flop. However, this solution presents an awkward dilemma since the setup and hold time 
specifications associated with the flip-flop are sure to be violated. The metastable characteristics of the flip-flop 
can influence overall system reliability. 


Whenever the setup and hold times ofa flip-flop are violated, its output response becomes uncertain andis said 
tobe іп the metastable state if the output hangs up in the region between Vi, and Мн. This metastable condition 
lasts until the flip-flop falls into one of its two stable states, which takes longer than the specified maximum 
propagation delay time (CLK to Q max). 


From a system engineering standpoint, a designer cannot use ће specified data sheet maximum for propagation 
delay time when using the flip-flop as a data synchronizer — how long to wait after the specified data sheet 
maximum must be known before using the data in order to guarantee reliable system operation. 


The circuit shown in Figure 4 can be used to evaluate MTBF (Mean Time Between Failure) and At for a selected 
flip-flop. Whenever the Q output of the DUT is between 0.8 V and 2 V, the comparators are in opposite states. 
When the Q output of the DUT is higher than 2 V or lower than 0.8 V, the comparators are at the same logic level. 
The outputs of the two comparators are sampled a selected time (At) after SCLK. The exclusive OR gate detects 
the occurrence of a failure and increments the failure counter. 


Nolse DUT Мн 
Generator ГЭЭ Сотрагаюг МТВЕ 
| Counter 












VIL 
Comparator 


Бони 


Figure 4. Metastable Evaluation Test Circuit 


In order to maximize the possibility of forcing the DUT into a metastable state, the input data signal is applied 
so that it always violates the setup and hold time. This condition is illustrated in the timing diagram in Figure 5. 
Any other relationship of SCLK to data will provide less chance for the device to enter into the metastable state. 








Data 
SCLK | | 
| | 
SCLK + At ——— oL Т 
Ч ) K At НИ At 
me (sec 
MiB Z # Fallures 


Чес = At- CLK to Q (max) 


Figure 5. Timing Diagram 
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By using the described test circuit, MTBF can be determined for several different values of At (see Figure 4). 
Plotting this information on semilog scale demonstrates the metastable characteristics of the selected flip-flop. 
Figure 6 shows the results for the TIBPAL16'-10C operating at 1 MHz. 


109 
108 
107 


MTBF (s) 


10? folk = 1 MHz 
Ídata z 500 kHz 





0 10 20 30 40 50 60 70 
At (ns) 


Figure 6. Metastable Characteristics 
From the data taken in the above experiment, an equation can be derived for the metastable characteristics at 
other clock frequencies. 
TEE -C2 x A 
The metastable equation: ВР = fscLK X fdata X Сї e ( x А) 


The constants C1 and C2 describe the metastable characteristics of the device. From the experimental data, 
these constants can be solved for: C1 = 9.15 X 1077 and C2 = 0.959 


Therefore 
x 9.15 х 10-7 e (70.959 x At) 


1 
MTBF ` Бак X fdata 
definition of variables 


DUT (Device Under Test): The DUT is a 10-ns registered PLD programmed with the equation Q : = D. 


MTBF (Mean Time Between Failures): The average time (s) between metastable occurrences that cause а 
violation of the device specifications. 


fecLk (system clock frequency): Actual clock frequency for the DUT. 

fdata (data frequency): Actual data frequency for a specified input to the DUT. 

C1: Calculated constant that defines the magnitude of the curve. 

C2: Calculated constant that defines the slope of the curve. 

trec (metastability recovery time): Minimum time required to guarantee recovery from metastability, at a given 
MTBF failure rate. trec = At — tpg (CLK to О, max) 

At: The time difference (ns) from when the synchronizing flip-flop is clocked to when its output is sampled. 


The test described above has shown the metastable characteristics of the TIBPAL16R4/R6/R8-10C series. For 
additional information on metastable characteristics of Texas Instruments logic circuits, please refer to TI 
Applications publication 5РАА004, "Metastable Characteristics, Design Considerations for ALS, AS, and LS 


Circuits." 
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TYPICAL CHARACTERISTICS 
PROPAGATION DELAY TIME 





PROPAGATION DELAY TIME 
vs vs 
FREE- AIR TEMPERATURE SUPPLY VOLTAGE 
Усс 25V 
Сі = 50 pF 
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I 1 
Б Е 
> 
e 5 
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Ч P 
а в 
Е Е 
3 
-15 -60 -25 0 25 50 75 100 125 45 4.75 5 5.25 5.5 
TA - Егее- Ах Temperature – °С Усс — Supply Voltage — V 
Figure 7 Figure 8 


PROPAGATION DELAY TIME 
vs 
NUMBER OF OUTPUTS SWITCHING 













Үсс-5У 
ТА = 25 °С 
C, = 50 pF 
R1 = 200 Q 
R2 = 3900 


Propagation Delay Time - ns 





ши 
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Number of Outputs Switching 


Figure 9 
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Propagation Delay Time — ns 
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TIBPAL16L8-10C, TIBPAL16R4-10C, TIBPAL16R6-10C, TIBPAL16R8-10C 
TIBPAL16L8-12M, TIBPAL16RA4-12M, TIBPAL16R6-12M, TIBPAL16R8-12M 
HIGH- PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


SRPSO17 – 03023, MAY 1987 — REVISED MARCH 1992 


TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
PROPAGATION DELAY TIME vs 
vs FREQUENCY 
LOAD CAPACITANCE 8-BIT COUNTER MODE 


Pp — Power Dissipation - mW 


рін (l, VO to O, VO) 


tPHL (1, VO to O, VO) E 





100 200 300 400 500 600 1 4 10 40 100 
Сі - Load Capacitance - pF Е - Frequency - MHz 
Figure 10 Figure 11 
SUPPLY CURRENT 


vs 
FREE- AIR TEMPERATURE 


Unprogrammed Device 


Ісс - Supply Current – mA 





100 
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ТА – Free- А! Temperature – °C 


Figure 12 
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е High-Performance Operation: 4 аар 
Propagation Delay... 15 ns Мах инна 


е Power-Up Clear on Registered Devices (АП 
Register Outputs are Set High, but Voltage 
Levels at the Output Pins Go Low) 


* Package Options Include Ceramic DIPs and 
Ceramic Chip Carriers 


е Dependable Texas Instruments Quality and 
Reliability 


3-8ТАТЕ REGISTERED IRIS 
INPUTS О OUTPUTS Q OUTPUTS PORT: 


a r | а ро рев 





rations [в | o (хөэ өөө | +] 
[miens [в | 0 | вбсшерие L 2 | тїврд1161& 
[вен s | 0 | всешериео | 0 | FK PACKAGE 


(TOP VIEW) 





description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. These 29 2 1 2019, 
IMPACT-X™ circuits combine the latest Advanced 
Low-Power Schottky technology with proven 
titanium-tungsten fuses to provide reliable, 
high-performance substitutes for conventional 
TTL logic. Their easy programmability allows for 
quick design of custom functions and typically 
results in a more compact circuit board. In 
addition, chip carriers are available for futher 
reduction in board space. 





The TIBPAL16' M series is characterized for ылады алашы 
operation over the full military temperature range 
of —55*C to 125°C. 


IMPACT is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





PRODUCTION DATA Informaton is current as of publication date. i 

Products conform to вреста боли per the mima of Texas ineturents Copyright € 1992, Texas Instruments Incorporated 
standerd warrenty. Production processing does not necessarily include 
testing of all parameters. 
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TIBPAL16R4' TIBPAL16R4 
J OR W PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL16R6' ТЇВРА1Л6Н6” 
4 ORW PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL16R8' TIBPAL16R8' 
J ORW PACKAGE FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





Pin assignments in operating mode 
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functional block diagrams (positive logic) 


TIBPAL16L8’ 


7 





TIBPAL16R4’ 





^N. denotes fused inputs 
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functional block diagrams (positive logic) 
TIBPAL16R6' 
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TIBPAL16R6' 


RES: 
ES 
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= 
- 
= 
ES 
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^N. denotes fused inputs 
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TIBPAL16L8-15M 
HIGH-PERFORMANCE /MPACT™ PAL? CIRCUITS 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
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Fuse number - First fuse number 4 Increment 
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logic diagram (positive logic) 


CLK > 
Increment 
First 
Fuse / a ee ee ср: 
Numbers 0 4 8 12 16 20 24 28 31 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
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Fuse / N 
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Fuse number = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) ....... RATES перце DIY TIT PEE торене ТМ 
Input уоїї4дёе:(866:МО16:1): тазы кета ак еле Банк mt mx re n ena pei ian ier eR X Race o 5.5V 
Voltage applied to disabled output (see Note 1) ............................................... 5.5М 
Operating free-air temperature range ............................................... —55°С to 125°C 
Storage temperature range ...................................................4.... —65*C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 




















Усс Supply voltage | 45 5 55] 
ViH High-level input voltage | 2 o (55| У | 
V Lowrevelinput voltage Г за у] 
ОН” Highievel output curent => | а | 
lo Lowleveloufpul curent ta | m | 
flock Clock frequency Coo o 
tw Pulse duration, clock (зее Note 2) с ——— 
tsu Setup time, input or feedback before clock? | 15 | 

Hold time, input or feedback after clock | о | 






Operating Кее-а temperature 
NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fcjock. The minimum pulse durations specified are 
only for clock high or low, but not for both simultaneously. 


electrical characteristics over recommended operating free-air temperature range 


Mk | Voo-45V ___ Wecfema в V | 
Voc = 45 V, јон = -2 mA 
VoL Уос = 45 V, loL- 12 тА 
























w 
ТАЙ typical values are at Усс = 5 V, ТА = 25°С. 


LIEU RENE 2 pue mp 
All others LEES) axi [cs 
но DO ports [100] м 
| Vo = 88 Уо-05У ET 250 
Усс = 5.5 V, Vi - 0, Outputs open 170 220 
t Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vo at 0.5 V to avoid 
test equipment degradation. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


R1 = 390 Q, 


R2 = 750 9, 
Зее Ндиге 1 





ТАЙ typical values are at Voc = 5 V, TA = 25°С. 


t Maximum operating frequency and propagation delay are specified for the basic building block. When using feedback, limits must be calculated 
accordingly. 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 





1 
81 
А1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
Timing 3v High-Level Ge у: 
Input 15V Pulse 15М 15V 
te .lI———— 0 | | 0 
и-а--Э ЗЕ th iç e tw дас 
Data гарт Y 15V | | зу 
Input i i Low-Level 15V 15V 
0 Pulse : лия 4 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 
Control 
(low-level 
enabling) 
Waveform 1 
$1 Closed 
(see Note B) 
Waveform 2 
$1 Open 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note В) 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. CL includes probe and jig capacitance and is 50 pF for tog and ten, 5 PF for tdis- 
B. Waveform 1 із for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. All input pulses have the following characteristics: PRR < 10 MHz, tr and tr < 2 ns, duty cycle = 50% 
. When measuring propagation delay times of 3-state outputs, switch 51 is closed. 
. Equivalent loads may be used for testing. 


moo 


Figure 1. Load Circuit and Voltage Waveforms 
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* High-Performance Operation: c MUERE ровя AGE 


idein Delay M M SUFFIX . . . J OR W PACKAGE 
их .., 15 ns Мах 
M Suffix . . . 20 ns Max (TOP VIEW) 


е Functionally Equivalent, but Faster than 
PAL16L8A, PAL16R4A, PAL16R6A, and 
PAL16R8A 


е Power-Up Clear on Registered Devices (АП 
Register Outputs are Set High, but Voltage 
Levels at the Output Pins Go Low) 


9 Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 





е Dependable Texas Instruments Quality and а 
Reliability TIBPAL16L8 

C SUFFIX... FN PACKAGE 

1 3-ЗТАТЕ REGISTERED vo M SUFFIX... FK PACKAGE 
INPUTS | О OUTPUTS Q OUTPUTS PORTS (TOP VIEW) 


[тина шор» CT oe j 


Ее 
mene 5 | 0 |зваавшээ | + | 
[Panes | 6 | 0 | обашевиее | 2 | 
Гнев [в [ 0 | есзшериее | 9 | 


description 





These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. These 
IMPACT™ circuits combine the latest Advanced 
Low-Power Schottky technology with proven 
titanium-tungsten fuses to provide reliable, 
high-performance substitutes for conventional 
TTL logic. Their easy programmability allows for 
quick design of custom functions and typically 
results in a more compact circuit board. In 
addition, chip carriers are available for futher 
reduction in board space. 


The TIBPAL16' C series is characterized from 0°C 
to 75°C. The TIBPAL16' М series is characterized 
for operation over the full military temperature 
range of —55*C to 126°C. 





These devices are covered by U.S. Patent 4,410,987. 
IMPACT is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





Products conform to specifications per the terms of Texas Instruments 


PRODUCTION DATA Information is current es of publication date. Copyright Ф 1992, Texas Instruments Incorporated 
processing does not necessarily include 4 
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TIBPAL16R4' TIBPAL16R4' 
C 80ЕНХ...4 OR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX. .. J ОА W PACKAGE M SUFFIX... FK PACKAGE 





TIBPAL16R6' TIBPAL16R6' 
C SUFFIX... J OR N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J OR W PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL16R6' TIBPAL16R&8' 
СЗЏЕНХ...Ј OR М PACKAGE С SUFFIX... FN PACKAGE 
М SUFFIX... J OR W PACKAGE M SUFFIX... FK PACKAGE 


(TOP VIEW) (TOP VIEW) 
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functional block diagrams (positive logic) 
TIBPAL16L8' 


EXE 
2 | га 


7 





ТВРА! 1684 





^w denotes fused inputs 
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functional block diagrams (positive logic) 
TIBPAL16R6' 


ОЕ 
CLK 
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TIBPAL16R8' 


ИШЛЕ ШЕЙ 





^N. denotes fused inputs 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 


vo 


vo 


vo 


vo 


vo 


vo 
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logic diagram (positive logic) 


Increment 





Numbers 0 4 8 12 16 20 24 28 31 


s. Н 
|] ШИ БЕ ШЕШЕН ШЕН БЕН ШЕ БЕН ШЕШ БЕН ШЕШ БЕН ШЕШ БЕН __ 







vo 


18 
Vo 











siii) 




















Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
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Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 


CLK > 
Increment 
First AN 
Fuse 
Numbers 0 4 8 12 16 20 24 28 31 
0 шэг то тэ үн 
ЕТ] || 11 = | | || | || чи 





Fuse number = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ............................................................ 7V 
Input voltage (see Note. 1)... аи darsida ва ла век валија a RARE E Ka ERE 5.5V 
Voltage applied to disabled output (see Note 1) ....... Vea pn die let, pu tdv T Ade айы датады 5.5V 
Operating free-air temperature range ..............................................4.4.. . 0°C to 75°C 
Storage temperature range ут: „ау da Ree i рее —65°С to 150°С 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


шэг re 
Woo "нее 22221485 s sm v | 
ИШЕ kE 


loL Low-level output current 


felock Clock frequency 


tw Pulse duration, clock (see Note 2) 





NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fcio ck. The minimum С са durations 2 о аге 
only for clock high or low, but not for both simultaneously. 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS 
1107 Ре Е 


HUS Vi 5.25 V, V 27V 


Мк 
Мос = 475 V, ЮН = -3.2 тА 
Voo 4757, ог 24 mA 


V 
24 33 у 
у 
20 
100 
Усс = 5.25\, М = 5.5 У 
20 
Усс = 5.25 V, М = 04V -0.2 
[Г ммм | 


Voc = 9.25 V, М = 0, Outputs open 


хөв 2 3 У и — | 
! аа у зб 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


R1 = 500 0, 


R2 - 500 0, 
See Figure 3 





ТАЦ typical values аге at Voc = 5 V, TA = 25°С. 
The output conditions hace been chosen to produce a current that closely approximates one half of the short-circuit output current, log, 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) .................................................. ......м..... ТМ 
Input. voltage (see Note 1). seirinin у газак xe ERR ERU Re Ea EE TREE eed TE es 5.5V 
Voltage applied to disabled output (see Note 1) .............................................. 5.5М 
Operating free-air temperature range ............................................... -55"С to 126°C 
Storage temperature range ....................................................... ~65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 
| 


€ High-level output current 


loL Low-level output current 


fclock Clock frequency 


tw Pulse duration, clock (see Note 2) 


Setup time, input or feedback before clockT 


3 Hold time, input or feedback after clockT 
Operating free-air temperature 


КОТЕ 2: The total clock period of clock high and clock low must not exceed clock frequency, Їсїрск. The minimum as durations dei are 
only for clock high or low, but not for both simultaneously.. 
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electrical characteristics over recommended operating free-air temperature range 


Outputs open 





Switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM 
PARAMETER (INPUT) (QUTPUT) TEST CONDITION MIN ТҮР" МАХ | ынт | 


[аш шк 
eae ЖЕБЕ: ею 
ы | Gr | c | нө 
овга a 
ре | зөвөө 


ТАН typical values are at Voc = 5 V, TA = 25°С. 
Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vo at 0.5 V to avoid 
test equipment degradation. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmabie logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. 
Step 2. 
Step 3. 
Step 4. 


With Voc at 5 volts and Pin 1 at М, raise Pin 11 to Мнн. 

Apply either \ or Мүн to the output corresponding to the register to be preloaded. 

Pulse Pin 1, clocking in preload data. 

Remove output voltage, then lower Pin 11 to Vi. Preload can be verified by observing the 
voltage level at the output pin. 


le teu => Le ty ыг 
PE ts ч 
| | 


Pin 1 





| 
| | 
| JTT VIH | Мон 
Registered vo (ва) огра 


--- VL VoL 


Figure 1. Preload Waveforms 


NOTE 3: tq = tsu = th = 100 ns to 1000 ns Мнн = 10.25 V to 10.75 v 
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power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Усс be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


LANE. лира 5v 
| 
ыы 


| 
| (600 ns ТУР, 1000 ns МАХ) | 


Active Low VoH 
Registered Output 15V 

ети ананын VoL 

КЄ tau? | 
| | УІН 

CLK 15V 1.5 У 

+———— мү 

w— 


T This в the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
t This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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PARAMETER MEASUREMENT INFORMATION 





7V 
81 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-8ТАТЕ OUTPUTS 
Timing ыы High-Level Ca ЗУ 
Input 1.3V Pulse 13V 13V 
rp na ан 0.3 V | | 03V 
tsu— мч an А 
pata iav Ñ TN | ! 3.5V 
Input Š š Low-Level ыу 13V 
03V Pulse : | 
= — озу 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
3.5V 
Output 
Control 
(low-level AN 
enabling) — — — — 03V 
= 3.5 У 
Waveform 1 VoL + 0.3 V 
$1 Closed Ясан + 
(see Note B) *— VoL 
E деи 
Waveform 2 —— Мон 
VOLTAGE WAVEFORMS в Ба зада Мон - 9.3 V 
PROPAGATION DELAY TIMES м0У 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. C, includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for Ч. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with тета! conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: PRR x 1 MHz, tr = tf x 2 ns, duty cycle = 50% 
D. When measuring propagation delay times of 3-state outputs from low to high, switch 51 is closed. 
When measuring propagation delay times of 3-state outputs from high to low, switch 81 is open. 
E. Equivalent loads may be used for testing. 


Figure 3. Load Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 
5v 


L 


81 
Ri 


From Output Test 
Under Test Point 


Сі R2 
(see Note A) 


LOAD CIRCUIT FOR 


3-8ТАТЕ OUTPUTS 
av ----- зу 
High-Level 
Eee 15V 9 Pulse 15V 15V 
4. — — — — — 0 | | 0 
ви м ем 
| ч——- зу | | 
Data mm 14% | | ЗУ 
Input š : Low-Level 15V 15V 
0 Pulse i ` 
---- 0 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
3v 3v 
Output 
ov Control E 
(low-level АВ 
enabling) em ES = 





VoL EP CUPS 
Waveform 1 1.5V VoL + 0.5V 
81 Closed -—* 
-ж-У 
| | Уон (вөө Моїе В) OL 
Out-of-Phase 15V 15V | ав» Ж 
Output tn> | | 







Изм + _ 
(ues Note D) of Waveform 2 Z Мон 
$1 Open 
VOLTAGE WAVEFORMS Уон-05У 
PROPAGATION DELAY TIMES (see Note B) 


a S ЕА =0V 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. Сү includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for ав. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with intemal conditions such that the output is high except when disabled by the output control. 
. All input pulses have the following characteristics: PRR < 10 MHz, tr and { < 2 ns, duty cycle = 50% 
. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
. Equivalent loads may be used for testing. 


moo 


Figure 4. Load Circuit and Voltage Waveforms 
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TIBPAL16L8' 


е High-Performance Operation: C SUFFIX ...Ј ORN PACKAGE 


Propagation Delay M SUFFIX... J OR W PACKAGE 
(TOP VIEW) 


C Suffix... 25 ns Max 
M Suffix... 30 ns Max 


* Functionally Equivalent, but Faster than 
PAL16L8A, PAL16R4A, PAL16R6A, and 
PAL16R8A 


е Power-Up Clear on Registered Devices (АП 
Register Outputs are Set High, but Voltage 
Levels at the Output Pins Go Low) 


* Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


е Dependable Texas Instruments Quality and 


РРА TIBPAL16L8' 
Reliability C SUFFIX... FN PACKAGE 


INPUTS | O OUTPUTS Q OUTPUTS PORTS (TOP VIEW) 


[muas| «о | 2 | 9 | 





PALI6R6 | 8 | 0 — | «6 (state buffers) 
рАГ16Н8 | в | 0 | 8(@state buffers) 





28: 
Грас s | 0 | Збая лээ | + | 
[= 
[о | 


description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. These 
IMPACT™ circuits combine the latest Advanced 
Low-Power Schottky technology with proven 
titanium-tungsten fuses to provide reliable, 
high-performance substitutes for conventional 
TTL logic. Their easy programmability allows for 
quick design of custom functions and typically 
results in a more compact circuit board. In 
addition, chip carriers are available for futher 
reduction in board space. 


The TIBPAL16' C series is characterized from 0°С 
to 75°С. The TIBPAL16' M series is characterized 
for operation over the full military temperature 
range of —55°C to 125°C. 





These devices are covered by U.S. Patent 4,410,987. 
IMPACT is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





PRODUCTION DATA Information is current as of publication dete. i 

Б nd ® spechertom per f hederae Т; , ите 4% Copyright © 1992, Texas Instruments Incorporated 
standerd warrenty, Production does not neces 
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TIBPAL16R4' TIBPAL16R4' 
C SUFFIX... J ОН N PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... J OR W PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





ТІВРДІ 1686: TIBPAL16R6' 

С SUFFIX... J OR М PACKAGE С SUFFIX... FN PACKAGE 

M SUFFIX... J OR W PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL16R8' TIBPAL16R6' 

C SUFFIX .. . J OR М PACKAGE С SUFFIX ... FN PACKAGE 

M SUFFIX... J OR W PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 
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functional block diagrams (positive logic) 


ТЇВРАГ 1618” 


ae 
ха 21 


zi 





TIBPAL16R4' 





^. denotes fused Inputs 





TEXAS 
INSTRUMENTS 


POST OFFICE BOX 656303 € DALLAS, TEXAS 75265 2-169 


TIBPAL16R6-25C, TIBPAL16R8-25C 
TIBPAL16R6-30M, TIBPAL16R8-30M 
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL? CIRCUITS 


SRPS020 - 03337, FEBRUARY 1984 - REVISED MARCH 1992 


functional block diagrams (positive logic) 


TIBPAL16R6' 


LEER 
JUUUUL 


(2 
n 





TIBPAL16R8' 


Җи 
- 
= 
L^ 
2 
нь 
= 
шин, 


^w denotes fused inputs 
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а 
а 
а 
а 
а 
а 
а 
а 





logic diagram (positive logic) 


Increment 

















[||| РТТ Г-1111-1111-1111-4 
p III TITI 1117 044 ДГ 





Fuse number = First fuse number + Increment 





TIBPAL16L8-25C 
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19 


18 


17 


16 


15 


vo 


vo 


vo 


vo 


vo 


vo 
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logic diagram (positive logic) 


Increment 


71117 T! L 4 
1 Db LLLI ТРЕЕ 1117 ТЕТЕ ТРЕ ТЕТЕ ҮЭ | M 


Fuse number = First fuse number + Increment 
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logic diagram (positive logic) 
































ак-4> 
Increment 
First 
Fuse 
Numbers 0 4 8 12 16 20 24 28 31 
ст eee 
тг ээг 
ЕР 100 
ӨСІІСІІІІІ TIT 1 пиш 
e EE [ иш шиш 
12 иш LLL 
шин ви шин 
22% | Coo ТЕН 
[ром >, СП TT TI! 
Lum m ПІ 
iE 6060 
үү ГЕН 
хэрэв DREMENE 
Se LE LLL TITI] 
зм O 
a OCET 
Ре Ен ІН ҮН БЕН 5 180 28 LFL C CH 58 ЖЕ ШЕ ЕНІ БЕКІГЕН ІН (8 
3 ЕЕЕ] ТТГ 
> ГІЛ а-а-а 
411 Еш а 
вм --- 
570 ша 
s — mia 
e ИНЕ В 
704 ва 
ща 
4 736 T! 
рН 
тв — ЕН 
eoo susp 
ту cp 
ве —H4 
m EE 
= 
960 ша 
s [| 
1— нии 
1024 HH 
1006 вв Е 
1088 Г] 
1120 rT 
1 НЕЕ ш 
Де а а ИЗ пе ІН Е ІН БАЕЛ Е БА БЕШИ ЕА ЕЕ КО БИН ш 
в пи Cer |АНА А m 
Eo HH HHH H 1 
ITT TIT TITI TL Г = 
1260 ӘНІНЕН " | 
ви ү ЕГІ РЕВ 
ae тр ва иши ш в 
ЇГ [ Шин Бин Би Би TIT и и 
иимэ гт ЙГ 
ма тэ гэ b> ст 
7 LLLI-LLEL-LELL-LLLLCLLELA ЕЕ НЕЕ |-| | 
1-4 55-01 rT ЕА 
1536 = 
= 
1528 
Ta SERS а 
= 
1632 
1684 НН а 
e spg ma 
1728 H4 
= 
8 1760 Г] 
I Di = 3 
тө Ш H 
ши 
ess — J > 12 
1888 
аа 2-2-42 vo 
в: 
в 


2016 


= | 

шш Гэ ат 
194 — 71 Шин Г 

ЕРЕН а-а-а 
ага аа ааа ат К] 





1 _ 
СР— OE 


Fuse number - First fuse number « increment 
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logic diagram (positive logic) 





CLK L^ 
Increment 
First 
Fuse 
Numbers 0 4 8 12 16 20 24 28 31 


A. тг гт 69) 
“ ttt tt} tt Ft} +} — 





ве 
128 ||] 
jo EB ES Bi 
1e EE 
LT TA > сър 
2 3925. J шин 
'—{ 1 = 
1111: 





320 Г 
e CLE 
е LLLI 
е 
е О 
3 LET 
НЕ 
то 
pe Ep 
рр 
шин 
кес 
eu ракла Ба ИШ 
704 ||| 
Шин 
4.38 
РНЕ 
та ы 
тее 
cci ката на 
тен аа 
M ERE] 
rmt ES EN 
$26 РЕП 
eo cc ЦИ S 
5 шиш 
1 НН ] 
104 — 1] 3 \ 
bsc I SI SE эн 
1120 ААА pam 
1152 — HH > 
ЕН] 1-1 
1216 НЕЕ pam 
6 1248 TT! |) 
Е: 
1895 даа ін СЫ В E 
шин 
1344 ГІТ! 
1376 ГІТ! 
1408 LT T] 
1440 ГІТ 
1472 TT] 
т 264 — иш 
НН 
яве — ЕН 
1568 TT] 
19 — (1 
шин 
w ЕЕН 
1728 шиш 
в пе 
1—0 
1702 — АН 
1824 = 
eee 
1 шшш 
ERRA 
а ETA 
ва 
9 2016 Г] 


[|| || ша 
! L TIT TITI jJ IIT TPT Т | — — 


Fuse number = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ........................................................ ... 7V 
Input voltage (see Note 1) ................................................................. 5.5М 
Voltage applied to disabled output (see Note 1) ............................................. 5.5 V 
Operating free-air temperature range ................................................. .. 0°C to 75°С 
Storage temperaturerange ....................................................... —65*C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


Усс Supply voltage 4.75 5 5.25 Vv 
Мн High-level input voltage 
Ми. 
loL 











tw Pulse duration, clock (see Note 2) Low 


teu Setup time, input or feedback before clockT 
th - 





Hold time, input ог feedback after clockT 
TA Operating free-air temperature 0 25 


NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, (сјоск. The minimum pulse durations specified are 
only for clock high or low, but not for both simultaneously. 


' 
~ о 
e № 
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electrical characteristics over recommended operating free-air temperature range 


Мк Voc = 4.75 V, Це - 18 тА 
сс 4785. ОН 32m 
Voc = 4.75 V, loL = 24 mA 





loc Voc = 5.25 V, М = 0, Outputs open 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION мн ТҮР" МАХ | UNIT 


[3 мю 
вв» | 


R1 = 500 Q, 


[ o ве | 
юю | i —2 | 
SeoFigues | — m — 2| m | 

ив | 

в | 





T All typical values are at Усс = 5 V, TA = 25°C. 
The output conditions hace been chosen to produce a current that closely approximates one half of the short-circuit output current, los. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ............ Ура дер EE ku uyu S НДЕР рани Је Пана 7V 
Input voltage: (See Note 1): enr Азда pr IB па EO rentes mera Sow ew me MUR каља коља 55V 
Voltage applied to disabled output (see Note 1) ...... "cr 5.5 М 
Operating free-air temperature range ...................... T————— —— —55°С to 125*C 
Storage temperature range .................................. Pudet snm Аса өл ла —65*C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 










TTT] 
оо eugene 5 55] DM 
уп іәмімейіміне ау 


{clock Clock frequency 25 







tw Pulse duration, clock (see Note 2) 


tau Setup time, input or feedback before clockT | 25 | 
ћ Hold time, input ог feedback after clockT Б а == 
TA Operating free-air temperature -55 25 125 


NOTE 2: The total clock period of clock high and clock low must not exceed clock frequency, fcjo ck. The minimum pulse durations specified are 
only for clock high or low, but not for both simultaneously.. 











TEXAS % 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-177 


TIBPAL16L8-30M, TIBPAL16R4-30M, TIBPAL16R6-30M, TIBPAL16R8-30M 
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL? CIRCUITS 


SRPSO020 — 03337, FEBRUARY 1984 — REVISED MARCH 1992 





electrical characteristics over recommended operating free-air temperature range 
PARAMETER 


Мк Усс = 4.5 V, Це-18 тА 


Voo - 45 V, [он = -2 тА 


Voc = 4.5 V, [0] = 12 mA 


Vo 227 V 


Vo-04V 


"um 

ii 

Pin 1, 11 
Ін 
liL Усс = 5.5 V, V| =0.4\ - 
Гоо [м | 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





R1 = 390 О, 


R2 = 750 0, 
See Figure 4 





Tall typical values are at Усс = 5 V, ТА = 25°С. 
Not more than one output should be shorted at a time and the duration of the short circuit should not exceed one second. Set Vo at0.5 V to avoid 
test equipment degradation. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step1. With Усс at 5 volts and Pin 1 at Vj, raise Pin 11 to Мнн. 

Step2. Apply either М. or Vip to the output corresponding to the register to be preloaded. 

Step3. Pulse Pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower Pin 11 to Му. Preload can be verified by observing the 
voltage level at the output pin. 


Pin 1 





| | 
| ТР VIH | Уон 
—-- VIL VoL 


Figure 1. Preload Waveforms 


NOTE 3: ty = tay = = 100 ns to 1000 ns МНН = 10.25 V to 10.75 v 





¥ 
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power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Vcc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


Усс GEN лс 5У 
| 
k „4 | 


— 


| (600 ns ТУР, 1000 ns МАХ) | 


Active Low Чон 
Registered Output 15V 
ыы VoL 
КЄ њи! - 
l | Мн 
CLK 1.5V 1.5 V 
ы —=——„ ---- м 
| У | 


T This в the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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PARAMETER MEASUREMENT INFORMATION 










ТМ 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
Timing 55У High-Level ERE. [dd 
Input 13V Pulse 13V 13V 
tp ln 0.3 V | | озу 
р th л” " tw " 
Data 13V Y 13V | | | 3.5V 
Input d | Low-Level 13V 13V 
0.3 V Pulse 2 Ч 
— — —— озу 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 
Control 
(low-level 
enabling) 
Waveform 1 
81 Closed 
(see Note B) 
Waveform 2 
81 Open 
VOLTAGE WAVEFORMS (see Note B) 


PROPAGATION DELAY TIMES 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. CL includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF for tdia- 
B. Waveform 1 is foran output with internal conditions such thatthe outputis low except when disabledby the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: PRR < 1 MHz, tr = tf < 2 ns, duty cycle = 5096 
D. When measuring propagation delay times of 3- state outputs from low to high, switch 51 is closed. 
When measuring propagation delay times of 3-state outputs from high to low, switch 51 is open. 
E. Equivalent loads may be used for testing. 


Figure 3. Load Circuit and Voltage Waveforms 
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PARAMETER MEASUREMENT INFORMATION 





T 
81 
R1 
From Output Test 
Under Test Point 
с R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-8ТАТЕ OUTPUTS 
зү ---- зе 
Timin: High-Level 
өш 15V V Pulse 15V 15V 
ДЕЛЕ MED рэн 0 1 | 0 
t 
мање 9 мы — 
| и ЗУ 
Data 15у 15V | | зү 
Input ! ` Low-Level 15V 15V 
0 Pulse 3 OE д 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 
Control 
(low-level 
enabling) 
Waveform 1 
| 81 Closed 
| | Уон (see Note В) 
Out-of-Phase 15V 15V 
Output Cv 
(see Note D) OL Waveform 2 
$1 Open 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note В) 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: A. CL includes probe and jig capacitance and із 50 pF for tog and ten, 5 pF for tdis- 
B. Waveform 1 is for an output with internal conditions such thatthe output is low except when disabled by the output control. Waveform 2 
is for an output with intemal conditions such that the output is high except when disabled by the output control. 
. All input pulses have the following characteristics: PRR < 10 MHz, tr and tr < 2 ns, duty cycle = 50% 
. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
. Equivalent loads may be used for testing. 


moo 


Figure 4. Load Circuit and Voltage Waveforms 
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TIBPAL20L8' 


° iah- , 
High Performance Operation: C SUFFIX... JT OR NT PACKAGE 


fmax (no feedback) M SUFFIX... JT PACKAGE 
(TOP VIEW) 


TIBPAL20R’ -5C Series ... 125 MHz Min 
TIBPAL20R' -7M Series ... 100 MHz Min 
fmax (internal feedback) 
TIBPAL20R’ -5C Series ... 125 MHz Min 
TIBPAL20R’ -7M Series ... 100 MHz Min 
fmax (external feedback) 
TIBPAL20R' -5C Series ... 117 MHz Min 
TIBPAL20R’ -7M Series . . . 74 MHz Min 
Propagation Delay 
TIBPAL20L8-5C Series ... 5 ns Мах 
TIBPAL20L8-7M Series ... 7 ns Мах 
TIBPAL20R’ -5C Series 
(CLK-to-Q) ... 4 ns Мах 
TIBPAL20R’ -7M Series 
(CLK-to-Q) ... 6.5 ns Max 


* Functionally Equivalent, but Faster Than, 
Existing 24-Pin PLDs TIBPAL20L6' 


C SUFFIX... FN PACKAGE 
MSUFFIX... FK PACKAGE 


(TOP VIEW) 





е Preload Capability on Output Registers 
Simplifies Testing 


* Power-Up Clear on Registered Devices (All 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


* Package Options include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs 


* Security Fuse Prevents Duplication 


Emm omi ccm 
INPUTS | O OUTPUTS Q OUTPUTS EM 
[тиз] п |" 2. L s 

э [| {== 5 
Граово | 2 | 0 — | ебешеъйов | 2 | 
ГРАО | 3:2 | 0 | a(@statevuter) [0 | 












NC — No internal connection 
Pin assignments in operating mode 


description 


These programmable array logic devices feature high speed and functional equivalency when compared with 
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically 
results in a more compact circuit board. 


The TIBPAL20' C series is characterized from 0°C to 75°C. The TIBPAL20’ M series is characterized for 
operation over the full military temperature range of —55?C to 125°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





of development The status of each device в indicated on the 


Masse of deve Contains Information on products In more then one ` Copyright © 1992, Texas Instruments Incorporated 
page(s) specifying Из electrical characteristics. 
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TIBPAL20R4' TIBPAL20R4’ 
C SUFFIX... JT OR NT PACKAGE С SUFFIX... FN PACKAGE 
M SUFFIX... JT PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL20R6' TIBPAL20R6° 
C SUFFIX... JT OR NT PACKAGE C SUFFIX... FN PACKAGE 
M SUFFIX... JT PACKAGE М SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL20R6' TIBPAL20R6' 
С SUFFIX ... JT OR NT PACKAGE C SUFFIX . . . FN PACKAGE 
M SUFFIX... JT PACKAGE M SUFFIX . . . FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


Ш — Фочотьроь- 





0 
1 
2 





Pin assignments п operating mode NC - No internal connection 
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functional block diagrams (positive logic) 
TIBPAL20L8' 


Ж 
а 


О 
а 


—5 
8 





TIBPAL20R4' 


OE 
CLK 





^N. denotes fused inputs 
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functional block diagrams (positive logic) 


TIBPAL20R6' 


OE 
CLK 












201120 


а 
| 


О 
| 


ТЇВРА120Н8” 


Дада 





^N. denotes fused inputs 
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logic diagram (positive logic) 
1 


I 
Increment 


0 4 8 12 16 20 24 28 32 36 39 
23 


І 5 >L [ [III [| ||| ТРЕ ТЕТЕ ТЕТЕ ТЕГ I 
First Fuse 





21 
vo 


20 vo 


19 
vo 


18 vo 


17 vo 


16 
VO 


14 


13 


Fuse number = First fuse number + Increment 
Pin numbers shown аге for JT and МТ packages. 
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logic diagram (positive logic) 


CLK 1 > 
Increment 





o 


4 8 12 16 20 24 28 32 36 39 





2 
1 >L 
First Fuse 
Numbers, 





Fuse number = First fuse number + Increment <p— OE 





Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 
Increment 


0 4 8 12 16 20 24 28 32 36 3 


1 2 Di a ла = 1 
ә 


маты, ІІІ 
1111-1414 | | 





Numbere, 


М 
TH-2HHHHH-HHRHHHH-HHHEREHHHHPFPHHHHHH-HHHHHHHHEHHHHHHH ыы 14114 


|| 
| DL ТЕГ ПП 14411 10117 (417 Т. 


Fuse number = First fuse number + Increment СЫ- ОЕ 
Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 


CLK 1 > 
Increment 





0 4 8 12 16 20 24 28 32 36 39 


I = 251 "11111111 нин ин ин 1417 ТЕГ 1111 РЕГ к 2 ! 


Firet Fuse || 
[I [III |] 







и LIL ДГ ОЈ] |] 
-Х- л түүс 


Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ......................................................2...2... 7V 
Input voltage (see Note 1) · isc ео рее AE ART КЖ 5.5 V 
Voltage applied to disabled output (see Note 1) .................... MEA abs a Eo SV Re 5.5 V 
Operating free-air temperature range .................................................. 0°C to 75°С 
Storage temperature range ...................................................... . —65°С 10 150°С 


NOTE 1: These ratings apply except юг programming pins during a programming cycle or during а preload cycle. 


recommended operating conditions 


Voc Supply voltage 4.75 5 525 
VIH High-level input voltage (see Note 2) | 2 55] v | 


V 
VIL Low-level input voltage (see Note 2) 081 V | 


lou Highevel output current 
loL Low-level output current | 8 24| мА | 
ТА Operating free-air temperature 0 25 75 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 





electrical characteristics over recommended operating free-air temperature range 


Voc = 475 V, || =-18 тА 


йл... [.Voc-525V. V|=5.5V 
Vcc = 5.25 V, М! =2.7 V 
Voc = 5.25 V, VI = 0.4 V 
Vcc = 5.25 V, Мо = 0.5 V 
Voc = 5.25 V, V| = 0, Outputs open 
f= 1 MHz, VI = 2 V 
f = 1 MHz, Уо-2У 

ТА typical values are at Мос = 5 V, TA = 25°С. 

ИО leakage is the worst case of lozL and || or lozH and н, respectively. 


Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Мо із set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO TEST 
PARAMETER (OUTPUT) CONDITIONS 


оло with up to 4 outputs 
Switching 


о yo | With more than 4 R1 - 2009, 
3 outputs switching R2 - 2000, 





roduets conform to specifications per the terme of Texas instruments 
standard warranty. Production processing does not necessarily include 


PRODUCTION DATA Information is current ae of publication дай. М 
testing of ай parameters. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) .......................... ан vM 
Input voltage. (sae:Nota: 1)... ssec ck уран eher RE реже тена P ELTE 5.5V 
Voltage applied to disabled output (see Note 1) ............................................... 5.5 V 
Operating free-air temperature range .................................................. 0°C to 75°С 
Storage temperature range ........................... қалала дана ie o dune c —65°С to 150°C 


NOTE 1: These ratings apply except for programming plns during a programming cycle or during a preload cycle. 


recommended operating conditions 


ViH High-level input voltage (see Note 2) 
ViL Low-level input voltage (see Note 2) 
loH High-level output current 


OL Low-level output current 


felock Clock frequency 


t Pulse duration, clock 
м mmm DE 





NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 





PRODUCTION DATA Information i$ current 69 of dete. 
Products conformto per the terme of Texas Instrumente 
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electrical characteristics over recommended operating free-air temperature range 


Voc = 4.75 V, јон =-3.2 mA 24 : 
[Моста юм Г s Lv] 
НЕЕ ИКТ ИИ РТ 


Voc = 5.25 V, М = 5.5 


Voc = 5.25 V, М =2.7\ 
los’ — — | Voo= 828. Vo оу ES 


Voc = 5.25 V, V| = 0, Outputs open 


f=1 MHz, V|=2 V 7 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


TIBPAL20R4-5CJT 
TIBPAL2OR4-5CFN | TIBPALZOR4-5CNT 
FROM TO TEST 
PARAMETER ТІВРА12086-5СЕМ | TIBPAL20R6-5CJT 
(INPUT) (OUTPUT) CONDITIONS TIBPAL20R6-SCNT 


É without feedback 





аст Гоа —] 
мо 


б __| ___а _____| зөвөө 
ОЕТ 


Гэ» | o | o j] 





lsk(o) Skew between registered outputs 


ТА typical values are at Усс = 5 V, TA = 25°С. 
tuo leakage is the worst case of lozL and ||| or lozH and |н, respectively. 
Not more than one output should be shorted ata time, and the duration of the short circuit should not exceed one second. Мо is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See "тах Specification’ near the end of this data sheet. 
tsk (o) is the skew time between registered outputs. 





PRODUCTION DATA Information le current es of ation dete. 
Products conform to per the terme of Texas Instruments 
standard warrenty. tion processing does not necessarily 
Include tasting of ell parametere. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) ....................................................2..22... .. 7V 
Input voltage (see Note 1) ................................................................. 5.5М 
Voltage applied to disabled output (see Note 1) ...... Избища Я. 
Operating free-air temperature range .................................................. 0°C to 75°С 
Storage temperature range ...................................................2... —65°С to 150*C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 










loL Low-level output current 


fclock Clock frequency 









t Pulse duration, clock 
В La 


teu Setup time, input or feedback before clockT 
th Hold time, input or feedback after clockT 
ТА Operating free-air temperature 0 25 75 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or 
noise. Testing these parameters should not be attempted without suitable equipment. 
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TEST CONDITIONS 





TIBPAL20R68-5CJT 
wenns | Па АЕ | 
mis БОЕВЕ ара 
сс e сы | 24 27 | 
lozL Voc = 5.25 V Мо = 0.4 V 


electrical characteristics over recommended operating free-air temperature range 
Vi | м певт _________-ов -15| 208 -15| 
ме. | Veos*/5w атм | оғ 5 
он | Voo-525w vozy _____ 0) 
liL 
loc 


= 
ө 


Шиний 







2.4 2.7 2.4 2.7 
Мсс = 5.25 М, Мо = 0.5 У -30 -70  -130 30 -70 -130 
И ПО СКОТ | 2 20 
9 |== | HEEL RUM ыса. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


ТЇВРАГ20Н8-5С4Т 

БАНАЙЕТЕН ЕВОМ то TEST TIBPALZOR&-5CFN | TIBPAL20RS SONT 
(INPUT) (OUTPUT) CONDITIONS 

MIN ТҮРІ МАХ | мм ТҮР! МАХ 


ЕЗ without feedback 

















with internal feedback (counter configuration) 
with external feedback 





with up to 4 outputs 
with more than 4 R2 = 200 Q, 


|o | CLKT Internal feedback 

| tn vo БЕК: | rg. | 

| de | от | 08 | 

КЕЕ лл MK 
tsk оу” Skew between outputs 


T All typical values are at Vcc = 5 V, TA = 25°C. 

+ Not more than one output should be shorted ata time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 

§ See "тах Specification’ near the end of this data sheet. 
This parameter is calculated from the measured fmax with internal feedback in a counter configuration (see Figure 4 for illustration). 
tsk (o) із the skew time between registered outputs. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Мос (see Note 1) ........................................................... 7N 
Input voltage (see Note 1) арысы need eek bi. рх илр E E X елдер Аа as qu a ug ha 55V 
Voltage applied to disabled output (see Note 1) .............................................. 5.5 V 
Operating free-air temperature range ............................................... —55°С to 125°C 
Storage temperature range ..................................................... .. —65*C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


мм мом MAX| ОМ | 
[Voc —Supywiae — 2.7727, | 
loH High-level output current 


Imi Pulse duration, clock Low —— 

























Тїдоо tw, tsu, and th do not apply to TIBPAL16L8' 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 


V 
| тл | 
| па | 
Е 
[om | 
NEAN 
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electrical characteristics over recommended operating free-air temperature range 






PARAMETER TEST CONDITIONS MIN ТҮРІ МАХ | UNIT 
Мост 457, ем 208 -15| v | 
Voc 451, он--2 тА 24 27 
Voo - 45V, lo, =12тА 025 os| v | 

0, Q outputs 20 
Voc = 5.5 V, =2. 
он |5 ports re 22 
0,0 outputs м 
1 Voc = 5.5 V, Мо =0.4 V 
UE ЕЧ зөв е | 
т | 7-55У, ПЕТ 
ТО ports м 
Voc = 5.5 V, М =27У А 
DW. о 5 | жеек КЮЙ 
Voc -85V, Vie 04V [ыы | 
los — | №0-55%, Уо-05У 2020 слота | 
floc | №0-55%, ме GND. OE-W, Outputs opon | 20| ma | 
5 UR er ЕТЕ E река 
СКЕ 
бв [тмн Vo-2V о [= | 





Tal typical values are at Voc = 5 V, Ta = 25°C. 
+ Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Мо is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM то 
РАНАМЕТЕН (INPUT) (OUTPUT) TEST CONDITION 


without feedback 
with internal feedback 
(counter configuration) 
with external feedback R1 = 390 ©, 


PRODUCT PREVIEW 


ЮО == R2 = 7600, 
22412005 ак = ome л бөө Figure 6 
ы Oe es or 
Rip [ = [о] 
аа C | Sr у}: лю — 


5 бөө “тах Specification’ near the end of this data sheet. fmax does not apply for TIBPAL2OLB'. fmax with external feedback is not production 
tested and is calculated from the equation found in the fmax specifications section. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


asynchronous preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Vii, raise Pin 13 to Мнн. 

Step 2. Apply either Мр or Мн to the output corresponding to the register to be preloaded. 

Step3. Lower Pin 13 to 5 V. 

Step 4. | Remove output voltage, then lower Pin 13 to Му. Preload can be verified by observing the 
voltage level at the output pin. 





| | 
x ps CREE e мд н 
| 


| +-- Мн | Мон 
кокемолм)--( та ___ј|----( ова | 
--- қ VoL 


Figure 1. Asynchronous Preload Waveforms 
NOTE 3: td = tsu = th = 100 ns to 1000 ns, МНН = 10.25 V to 10.75 V 
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power-up reset, see Figure 2 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Vcc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


Vcc ду 5У 
| 
| 
нн танк 
| (600 ns typ, 1000 ns МАХ) | 
Active Low Мон 
Registered Output 1.5V 
v MEAT Ku CES VoL 
Н-- teut ә] 
| | Ун 
Clock X 1.5 V X 154 
----- Уһ 
| Ы | 


T This ls the power-up reset time and applies to registered outputs only. The values shown are from characterization data, 
t This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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fmax SPECIFICATIONS 


fmax Without feedback, see Figure 3 


In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback. 
Under this condition, the clock period is limited by the sum of the data setup time and the data hold те (tsu + th). 
However, the minimum fmax is determined by the minimum clock period (ty high + ty low). 

1 1 


it tf = ——————— —S S: 
Thus, fmax without feedback (twhigh + twlow) or (ви + th) 


CLK 


teu + th 
or 
tw high + ty low 


Figure 3. пах Without Feedback 


fmax With internal feedback, see Figure 4 


This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are 
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay 
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop. 
1 
ith int 11 k = —— r T 
Thus, fmax with internal feedbac ТЭЛЖ" [m CLK- ЕВ) · 


Where {ра CLK-to-FB is the deduced value of the delay from СІК to the input of the logic array. 
CLK 


Figure 4. fmax With Internal Feedback 
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fmax SPECIFICATIONS 


fmax With external feedback, see Figure 5 


This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback 
could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining 
the period is the sum of the clock-to-output time and the input setup time for the external signals 
(tsu + tpg CLK-to-Q). 


Thus, fmax with external feedback = : 


(tsu + tod CLK-to- Q) ' 


CLK 


Logic D Next Device 


I e Aene del 


Figure 5. ‘тах With External Feedback 





% 


ТЕХА5 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-201 





TIBPAL20R8-5C 
HIGH-PERFORMANCE /МРАСТ-Хтч PAL? CIRCUITS 


SRPSO10F - 03353, OCTOBER 1989 - REVISED SEPTEMBER 1992 


THERMAL INFORMATION 


thermal management of the TIBPAL20R8-5C 


Minimum Transverse Alr Flow — ft;min 





Thermal management of the TIBPAL20R8-5CNT and TIBPAL20R8-5CFN is necessary when operating at 
certain conditions of frequency, output loading, and outputs switching simultaneously. The device and system 
application will determine the appropriate level of management. 


Determining the level of thermal management is based on factors such as power dissipation (Pp), ambient 
temperature (Тд), and transverse airflow (FPM). Figures 6 (a) and 6 (0) show the relationship between ambient 
temperature and transverse airflow at given power dissipation levels. The required transverse airflow can be 
determined at a particular ambient temperature and device power dissipation level in order to ensure the device 
specifications. 


Figure 7 illustrates how power dissipation varies as a function of frequency and the number of outputs switching 
simultaneously. It should be noted that all outputs are fully loaded (Сү = 50 pF). Since the condition of eight fully 
loaded outputs represents the worst-case condition, each application must be evaluated accordingly. 


MINIMUM TRANSVERSE AIR FLOW MINIMUM TRANSVERSE AIR FLOW 
vs vs 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


Minimum Transverse Alr Flow — Н/тіп 





TA - Ambient Temperature — °С ТА - Ambient Temperature — °C 
(а) TIBPAL20-5CNT (b) TIBPAL20R8-5CFN 


Figure 6 
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THERMAL INFORMATION 


POWER DISSIPATION 
vs 
FREQUENCY 


Усс =5V 
ТА = 25 °С 
Сі = 50 pF 


8 Outputs Switching 
7 Outputs Switching 
6 Outputs Switching 
5 Outputs Switching 
4 Outputs Switching 
3 Outputs Switching 
2 Outputs Switching 

1 Output Switching 


1 





2 4 40 100 200 


1 - Frequency — MHz 
Figure 7 
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PARAMETER MEASUREMENT INFORMATION 


Л 
81 
R1 
From Output Teet 
Under Test Рони 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
зу ---- зм 
Timing шы High-Level Пе: 
р TEV i EV = ЖЗ Low-Level | | av 
Data 5 i 4 Pulse 15V 15V 
Input (see Note B) ——— 0 
(зөө Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
yeas па зү зү 
c "S Sanasi 1.5 V 1.5 У 
ntro . . 
Input | | В (low-level | Л 
enabling) zl | ++ Е в) 
ten і өө Note 
| чо» - 
In-Phase | | 
Output | 
| 





Out-of-Phase 20% | 
Output gos, ÍL ten M | ГЭ 
(see Note D) — — Ҹон 
T Waveform 2 | а 
VOLTAGE WAVEFORMS (ан 2 15У E Vou -0.5 V 
PROPAGATION DELAY TIMES (880 №89 “ФУ 
VOLTAGE МАУЕҒОНМӘ 


ENABLE AND DISABLE TIMES, 3-8TATE OUTPUTS 


NOTES: А. CL Includes probe and jig capacitance and ів 50 pF for tpg and ten, 5 pF for tris. 
B. All input pulses have the following characteristics: For C suffix, РАВ < 1 MHz, | = у = 2 ns, duty cycle = 5096; For M suffix, 
PRR s 10 MHz, + = # 5 2 ns, duty cycle = 50% 
C. Waveform 1 is for an output with internal conditions such that the outputia low except when disabled by the output control. Waveform 2 
is for an output with intemal conditions such that the output is high except when disabled by the output control. 
D. When measuring propagation delay times of 3-state outputs, switch 51 Ів closed. 
E. Equivalent loads may be used for testing. 


Figure 8. Load Circuit and Voltage Waveforms 
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metastable characteristics of TIBPAL20R4-5C, TIBPAL20R6-5C, and TIBPAL20R8-5C 


Atsome point a system designer is faced with the problem of synchronizing two digital signals operating at two 
different frequencies. This problem is typically overcome by synchronizing one of the signals to the local clock 
through use of a flip-flop. However, this solution presents an awkward dilemma since the setup and hold time 
specifications associated with the flip-flop are sure to be violated. The metastable characteristics of the flip-flop 
can influence overall system reliability. 


Whenever the setup and hold times of a flip-flop are violated, its output response becomes uncertain andis said 
to be in the metastable state if the output hangs up in the region between Vj, and Мүн, This metastable condition 
lasts until the flip-flop falls into one of its two stable states, which takes longer than the specified maximum 
propagation delay time (CLK to Q max). 


From а system engineering standpoint, a designer cannot use the specified data sheet maximum for propagation 
delay time when using the flip-flop as a data synchronizer — how long to wait after the specified data sheet 
maximum must be known before using the data in order to guarantee reliable system operation. 


The circuit shown in Figure 9 can be used to evaluate MTBF (Mean Time Between Failure) and At for a selected 
flip-flop. Whenever the Q output of the DUT is between 0.8 V and 2 V, the comparators are in opposite states. 
When пе Q output of the DUT is higher than 2 V or lower than 0.8 V, the comparators are at the same logic level. 
The outputs of the two comparators are sampled a selected time (At) after SCLK. The exclusive OR gate detects 
the occurrence of a failure and increments the failure counter. 


Nolse DUT Мн 
Generator [— Comparator MTBF 


Data п 


VIL 
Comparator 


SCLK 


SCLK «At 





Figure 9. Metastable Evaluation Test Circuit 


In order to maximize the possibility of forcing the DUT into a metastable state, the input data signal is applied 
so that it always violates the setup and hold time. This condition is illustrated in the timing diagram in Figure 10. 
Any other relationship of SCLK to data will provide less chance for the device to enter into the metastable state. 











Data 
SCLK | | 
| | 
SCLK + ^t | | | | 
Ил te At» 
_ Time (вес) 
MIPES # Fallures 


trec < At- CLK to Q (max) 


Figure 10. Timing Diagram 
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By using the described test circuit, MTBF can be determined for several different values of At (see Figure 9). 
Plotting this information on semilog scale demonstrates the metastable characteristics of the selected flip-flop. 
Figure 11 shows the results for the TIBPAL20'-5C operating at 1 MHz. 


MTBF (s) 


feik = 1 MHz 
fdata < 500 kHz 





0 10 20 30 40 50 60 70 
At (ns) 


Figure 11. Metastable Characteristics 


From the data taken in the above experiment, an equation can be derived for the metastable characteristics at 


other clock frequencies. 


: 1 L 
The metastable equation: === = ÍSCLK X fdata X СІ e (-С2 x At) 


The constants C1 and C2 describe the metastable characteristics of the device. From the experimental data, 
these constants can be solved for: C1 = 4.37 X 1073 and C2 = 2.01 


Therefore 


1 -3 е (-2.01 x At 
MTBF < Ісік x fdata X 4.37 x 10 е ( X ) 


definition of variables 
DUT (Device Under Test): The DUT is а 5-ns registered PLD programmed with the equation Q : = D. 
MTBF (Mean Time Between Failures): The average time (s) between metastable occurrences that cause a 
violation of the device specifications. 
Ісік (system clock frequency): Actual clock frequency for the DUT. 
fdata (data frequency): Actual data frequency for a specified input to the DUT. 
C1: Calculated constant that defines the magnitude of the curve. 
C2: Calculated constant that defines the slope of the curve. 
trec (metastability recovery time): Minimum time required to guarantee recovery from metastability, at a given 
MTBF failure rate. trec = At – {ра (CLK to Q, max) 
At: The time difference (ns) from when the synchronizing flip-flop is clocked to when its output is sampled. 


The test described above has shown the metastable characteristics of the TIBPAL20R4/R6/R8-5C series. For 
additional information on metastable characteristics of Texas Instruments logic circuits, please refer to TI 
Applications publication SDAA004, "Metastable Characteristics, Design Considerations for ALS, AS, and LS 


Circuits." 
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TYPICAL CHARACTERISTICS 





LOW-LEVEL OUTPUT CURRENT HIGH-LEVEL OUTPUT CURRENT 
LOW-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
0 
5 -10| ТА = 25 °С 7 
AE" _| | y) 
1241-1114 
Е -30 / 
d 
o 
5 -40 
5 
0 -50 
% 
Š -60 
7 z 
wi TIU Б 
I 
= -80 
ши 25122522: 
-90 
-20 -100 
-08 -0.6 -04 02 0 02 04 06 08 0 0.5 1 1.5 2 25 3 
VoL – Low-Level Output Voltage – V Мон - High-Level Output Voltage — V 
Figure 12 Figure 13 
SUPPLY CURRENT 


vs 
FREE- AIR TEMPERATURE 


сс - Supply Current – mA 





-15 -50 -25 0 25 50 75 100 125 
TA - Free- Alr Temperature — °C 


Figure 14 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
vs PROPAGATION DELAY TIME 
FREQUENCY vs 
8-BIT COUNTER MODE SUPPLY VOLTAGE 
ТА = 25 °С 
Сі = 50 pF 
АТ = 200 Q 
= R2 = 200 0 
Е g 
i | 
2 
š Ë 
= ж 
а 3 
a á 
$ 5 
ё 8 
а 
ка е 
a 
1 2 4 10 20 40 100 200 4.5 4.75 5 5.25 5.5 
1 – Frequency — MHz Усс ~ Supply Voltage — V 
Figure 15 Figure 16 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
8 8 
| | 2 | 
Е й 
Е JENNA 
E 3 > AM 
Е Е 
Е Е 222 
o о 
f à БАЙ СЭН 
Р £ 
a а 
0 
-75 -50 -25 0 25 50 75 100 125 0 100 200 300 40 500 600 
TA - Free- А Temperature – °С Сі - Load Capacitance – pF 
Figure 17 Figure 18 
INSTRUMENTS 


2-208 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75285 


!sk(c) - Skew Between Outputs Switching — ns 





TIBPAL20L8-5C, TIBPAL20R4-5C, TIBPAL20R6-5C, TIBPAL20R8-5C 
TIBPAL20L8-7M, TIBPAL20R4-7M, TIBPAL20R6-7M, TIBPAL20R8-7M 
HIGH-PERFORMANCE IMPACT-X™ PAL® CIRCUITS 


- 03353, OCTOBER 1989 - REVISED SEPTEMBER 1992 





TYPICAL CHARACTERISTICS 
SKEW BETWEEN OUTPUTS PROPAGATION DELAY TIME 
vs vs 
NUMBER OF OUTPUTS SWITCHING NUMBER OF OUTPUTS SWITCHING 
Ұсс-5У 
ТА = 25 °С 
Сі = 50 pF 
R1 = 2000 
g В2 = 2000 
1 
Ё 
Е 
> 
c 
á 
Outputs Switching In the Opposite Direction с 
o 
11111111 
> 
. 8 А = tpHL (l, VO to O, VO) 
LIA pL] ве 
w 9 = tPHL (CLK to Q) 
Outputs Switching in the Same Direction € = РЕН (CLK to Q) 
2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 
Number ot Outputs Swltching Number of Outputs Switching 
Figure 19 Figure 20 
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9 High-Performance Operation: С SUFFIX... JT OR NT PACKAGE 
fmax (no feedback) M SUFFIX... JT PACKAGE 
TIBPAL20R' -7C Series ... 100 MHz (TOP VIEW) 


TIBPAL20R' -10M Series ... 62.5 MHz 
fmax (internal feedback) 

TIBPAL20R' -7C Series ... 100 MHz 

TIBPAL20R’ -10M Series ... 62.5 MHz 
fmax (external feedback) 

TIBPAL20R’ -7C Series ... 74 MHz 

TIBPAL20R’ -10M Series ... 50 MHz 
Propagation Delay 

TIBPAL20L8-7C Series ... 7 ns Мах 

TIBPAL20L8-10M Series... 10 ns Мах 


* Functionally Equivalent, but Faster Than 
Existing 24-Pin PLD Circuits 


* Preload Capability on Output Registers 
Simplifies Testing 










ТЇВРАГ 2016” 
е Power-Up Clear on Registered Devices (All o. js 4% бара 
Register Outputs are Set Low, but Voltage та: 
Levels at the Output Pins Go High) (TOP VIEW) 
* Package Options Include Both Plastic and ERE 8 _ ° 
Ceramic Chip Carriers in Addition to Plastic шэн | ша) нв | мы 
and Ceramic DIPs 115 4321 2827 т vo 
* Security Fuse Prevents Duplication iL] 6 24] vo 
. ІП? yo 
е Dependable Texas Instruments Quality and nche 22 Nc 
Reliability 1119 2 (| о 
3-ЗТАТЕ REGISTERED yo Е] 10 20] 1/0 
INPUTS O OUTPUTS QOUTPUTS PORTS iig 19[] 1/0 
[muus| i | 2 | o | 6 | 
РАСОВА i2 | 0 [| 4бяавый | + | Lir 
Грае 32 | 0 | 6(@statebuters) | 2 | 89-20 
| PALzone | 12 | o | 8зезцещеримее) | o | 2 


NC — No internal connection 
Pin assignments in operating mode 


description 
These programmable array logic devices feature high speed and functional equivalency when compared with 
currently available devices. These IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses to provide reliable, high-performance substitutes for 
conventional TTL logic. Their easy programmability allows for quick design of custom functions and typically 
results in a more compact circuit board. In addition, chip carriers are available for futher reduction in board space. 


All ofthe register outputs are set to alow level during power-up. Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers 
can be set to an initial state prior to executing the test sequence. 


The TIBPAL20' C series is characterized from 0°C to 75°C. The TIBPAL20' M series is characterized for 
operation over the full military temperature range of —55°C to 125°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





PRODUCTION DA DATA information le current as of publication date. 4 Copyright © 1992, Texas Instruments Incorporated 


Products to specifcanioha pèr ha апте 0116 ехав Inetruments 
standard т roduction processing does not necessarily 
Include testing of all parameters. 
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TIBPAL20R4' TIBPAL20R4' 
C SUFFIX... JT OR NT PACKAGE C SUFFIX ... FN PACKAGE 
M SUFFIX . . . JT PACKAGE M SUFFIX . . . FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


1 
2 
3 
4 
5 
6 
7 
8 
9 
1 

1 

1 


N= о 





TIBPAL20R6' TIBPAL20R6' 
C SUFFIX... JT OR МТ PACKAGE С SUFFIX . . . FN PACKAGE 
M SUFFIX ... JT PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL20R8' TIBPAL20R8' 
С SUFFIX... JT OR NT PACKAGE С SUFFIX... FN PACKAGE 
M SUFFIX... JT PACKAGE M SUFFIX ... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 


Фоэчсоохоом- 


10 
11 
12 





Pin assignments п operating mode NC — No internal connection 





№ 
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functional block diagrams (positive logic) 


ТЇВРА1 2018" 













e уо 
| БАЖ E) 
р vo 
| 7/ | 2 vo 
Г) 
~ e 
D vo 


р 2 
иа 


zl 


zi 


TIBPAL20R4' 





^ denotes Гивед Inputs 
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TIBPAL20R6' 


ОЕ 
CLK 


- 
m. 
=: 
шил 
на = 
= 
— 
s= 


TIBPAL20R8' 


ES 
Со 
= 
~ 
N 
S 
= 
- 


“хуу denotes fused inputs 
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о 
о 
а 
а 
а 
Q 
Q 
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logic diagram (positive logic) 
1 
I 


0 4 8 12 
2 


1 Lb 1 
First Fuse 








Increment 








I 11 РЕН I TITI IP TI TT 4477 TITI TITI | 


Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 


TIBPAL20L8-7C 
TIBPAL20L8-10M 
HIGH-PERFORMANCE /MPACT-X™ PAL? CIRCUITS 


SRPSOO05C – 03307, OCTOBER 1989 – REVISED MARCH 1992 


36 39 
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23 


20 
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17 


16 
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vo 


vo 


vo 


vo 
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logic diagram (positive logic) 


4 8 12 16 20 24 28 32 36 


| = > кна Pet || [| ш Jill Jill II] 


Firet Fuse 
Numbere, 


BESEE | 82888а5 


^ 
М 
| 883 


8 ? 
o 
ГТ ЛГ, 


8822238 





0,2520 — TTT] L1 0 =g ГЕН 
П ра и а 1731 ГІ ТЕН 
11 111111 1111 I IL II О III || || -4| || 14 
НЕТТО к 1 
Fuse number = First tuse number + Increment CP— OE 


Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 


0 4 8 12 





Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 





TIBPAL20R6-7C 
TIBPAL20R6-10M 
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Increment 


16 20 24 28 32 36 3 
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logic diagram (positive logic) 


Increment 





0 4 8 12 16 20 24 28 32 36 39 
2 23 


I p — 1 |__ [| [1] 111 ТЕТ н О | ||| ^— dl I 
Firet Fuse 
Numbers 
0 1111 [|| ] ин || Г] | | || | 1] Г] [ТТ |__ 
и [| a | | || || 1] 
120 


160 













8 | 88883382 | 33882288 ! 223 


Fuse number = First fuse number + Increment Ср--ОЕ 
Pin numbers shown are for JT and NT packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ......................................................4.4..... ТМ 
Input voltage (see Note 1) sie er еее ааа беа рай 5.5 V 
Voltage applied to disabled output (see Note 1) ............................. реал y qux ees 5.5V 
Operating free-air temperature range ............................. Аниан 0°C to 75°С 
Storage temperature range ....................................................... —65*C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


TT 
ара бое вм | 


fclock Clock frequency 


+ Я High 
tw Pulse duration, clock (see Note 2) Low 





Тоос tw, tsu, and th do not apply Юг TIBPAL2OL8'. 
NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 





1» 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN ТУР! МАХ 










Won ЕЕ 2 |а зм Гу” 
Басу Rem СУ 
lant — | хам еме 7 20 зөрж 
lont — ПОКОЕ ОС У ООО ПОТ | 
ИЕ ПОТЕ sea = 1 |) 
И ОТО 21021 И 
log’ | vesan woos (2 люта 
loo — | voos veo .. Ом — | — № 210| ma 
Е: 
СА | rra юзу ПО [= 
бк [тыме ven | s =] 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION мн ТҮРІ МАХ | UNIT 
without feedback ca 
with internal feedback 
(counter configuration) 


with external feedback 


оло 1 or 2 outputs switching 
ра l, uo d B outputs switching R1 = 500 Q, 


LKT R2 = 500 ©, 


Feedback input See Figure 6 


OET 


„О O, I/O 
l, VO O, VO 
tsk(o)!! Skew between registered outputs 


Tan typical values are at Voc = 5 V, Ta = 26°C. 
VO leakage із the worst case of lozL and || or lozH and ун respectively. 
Not more than one output should be shorted ata time, and the duration of the short circuit should not exceed one second. Мо is set at 0.5 V to 
avoid teat problems caused by test equipment ground degradation. 
See section for fmax specifications. 
This parameter applies to TIBPAL20R4' and TIBPAL20R6' only (see Figure 4 for illustration) and is calculated from the measured fray with internal 
feedback in the counter configuration. 

| This parameter is the measurement of the difference between the fastest and slowest ра (CLK-to-Q) observed when multiple registered outputs 
are switching in the same direction. 


ОЕ 
[ Тоо | 
ти м 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) ............................................................ 7У 
Input voltage (see Note 1)- „аа ое л нА еи а рај арда 5.5 V 
Voltage applied to disabled output (see Note 1) ............................................... 5.5V 
Operating free-air temperature range .............................................. —55°С to 125°C 
Storage temperature range ...................................................... —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


Voc Supply voltage 
VIH High-level input voltage 
VIL Low-level input voltage 


loH High-level output current 


loL Low-level output current 


felock Clock frequency 


t i 
tw Pulse duration, clock (see Note 2) 


іш Setup time, input ог feedback before clockT 


th Hold time, input or feedback after clockT 
Operating free-air temperature 
= tw: із, апа th do not apply for TIBPAL2OL8'. 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN ТҮРЇ МАХ] имп | 

Мос = 4.5 V, | =-18 mA 
oH. Voo = 45 V, он --2 mA 
Мо | | oc - 4.5 V, GE TERM 03 зер у 
өд _ Voo = 55V, Noemi’ Боевые Pus 
ЕЕ — тээ с 


| A — Tess Voc = 55 V, Му -27у — 0 
n Ис Е l 


И тг 2 
Outputs open 
OE = VIH 
-2У 
Уо-2У 
Усік-2У 





Switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN ТҮР! МАХ | онт | 


without | | withoutfeedback (| 


with — M feedback 62.5 MHz 
(counter configuration) 
| —  withexternalfeedback | | 50 | | 

E ки R1 = 3800, 12-17 s | = | 
Fa = ИЕ ПОЕТ [o аре 2 = 7500, T 4 | n | 
[ pf [| окт |Feedback nut See Figure 6 |а 
| ten | oH | а | | 31 4 j тв) 
| C ki убт] са o ИИК a | ns | 
б 0,10 16 в 
|___«е [мо 0,10 18 | № | 
T All typical values are at Voc = 5 V, ТА = 25°С. 

МО leakage is the worst case of lozL and ||| or lozH and Пн respectively. 

Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Мо is set at 0.5 V to 

avoid test problems caused by test equipment ground degradation. 

See section for fmax specifications. fmax with external feedback is not production tested but is calculated from the equation found in the fmax 

specification section. 


# This parameter applies to TIBPAL20R4’ and TIBPAL20R6' only (see Figure 4 for illustration) andis calculated from the measured fmax with interna! 
feedback in the counter configuration. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state- machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Voc at 5 volts and Pin 1 at Му, raise Pin 13 to Мнн. 

Step 2. Apply either Vi or Vip to the output corresponding to the register to be preloaded. 

Step3. Pulse Pin 1, clocking in preload data. 

Step4. Remove output voltage, then lower Pin 13 to Ми. Preload can be verified by observing the 
voltage level at the output pin. 


Pin 1 





| | 
| JTT VIH | Мон 
rent См) m 


SM VoL 


Figure 1. Preload Waveforms 


NOTE 3: ty = tsu = th = 100 ns to 1000 па МНН = 10.25 V to 10.75 v 
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power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplitying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Усс be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


Voc MEN неее NEN sv 
| 
| раї | 


= 


| 
| (600 ns TYP, 1000 ns МАХ) | 


Active Low “он 
Registered Output 15V 

аншалы VoL 

Ё- teut ә 
l | Мн 

CLK 1.5V 1.5V 

+———— ч 

- 3 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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fmax SPECIFICATIONS 


fmax Without feedback, see Figure 3 
In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback. 
Under this condition, the clock period is limited by the sum of the data setup time and the data hold time (tsu + tr). 
However, the minimum fmax is determined by the minimum clock period (ty high + ty low). 
1 1 


f ithout feedback = —— gru c 
Thus, fmax without feedba (twhigh + twlow) ^ (tsu + th)’ 


CLK 


tau + th 
or 
tw high + tw low 


Figure 3. fmax Without Feedback 


fmax With internal feedback, see Figure 4 


This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are 
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay 
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop. 

524 1 
Thus, fmax with internal feedback = m iod CLK—to—FB) · 


Where ра CLK-to-FB is the deduced value of the delay from CLK to the input of the logic array. 
CLK 





Figure 4. fmax With Internal Feedback 
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fmax SPECIFICATIONS 


fmax With external feedback, see Figure 5 


This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback 
could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining 
the period is the sum of the clock-to-output time and the input setup time for the external signals 
(tsu + Ба CLK-to-Q). 

1 


Thus, fmax with external feedback = fe, = Ea акб) ipd Ск-ота): 


CLK 


NEXT DEVICE 





фе 


Figure 5. {тах With External Feedback 
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PARAMETER MEASUREMENT INFORMATION 


sv 


Ь 


R1 


From Output Test 
Under Test Point 


$1 


CL R2 
(see Note A) 


LOAD CIRCUIT FOR 





3-STATE OUTPUTS 
——-— (9.5 №) [3 У] 
High-Level 
Timing 154 @5 \){8\] d Pulse 15ү 15V 
Input д. : 43 | | (0.3 V) [0] 
eL ES (0.3 V) [0] MK—— ty —» 
--.-.... | | 
| кі---- в5мвм (3.5 V) [3 V] 
inet 15V 15V Kow ovel 15V 15V 
(0-3 V) [0] ------ (0.3 №) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output (3.5 V) [3 V] 
Е шшш (3.5 V) [ V] 0 цана 
Input 15V 15V ow-leve 
қ | (0.3 V) [0] өларлһе) A. — — — — (.3v)[0) 
In-Phase ж 3.3 V 
Output Waveform 1 
81 Closed YOL 95 V 
(see Note B) * — VoL 
| | Мон 
Out-of-Phase 
Output 1.5 У 15V "карг 2 2-- Мон 
зөө Note D ----у 1 Ореп 
( ) oF (see Note B) : Мон 0.5 V 
VOLTAGE WAVEFORMS =0 V 





PROPAGATION DELAY TIMES 
ше VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. CL includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tgis. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. All Input pulses have the following characteristics: РАВ < 10 MHz, tr and tr < 2 ns, duty cycle = 50%. For С suffix, use the voltage 
levels indicated inparentheses ( ). For M suffix, use the voltage levels indicated in brackets | |. 
. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
. Equivalent loads may be used for testing. 


mo о 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
vs PROPAGATION DELAY TIMET 
FREQUENCY vs 
8-BIT COUNTER MODE NUMBER OF OUTPUTS SWITCHING 


Усс =5\У 
ТА = 25 °С 
R1 = 200 Q 
R2 = 390 Q 
CL = 50 pF 


8-Bit Counter 


Pp — Power Dissipation - mW 
tskew_ Skew Between Outputs Switching — ns 





F — Frequency — MHz Number of Outputs Switching 


Figure 11 Figure 12 


PROPAGATION DELAY TIME 


vs 
NUMBER OF OUTPUTS SWITCHING 


РгорадаЧоп Delay Time — ns 


ТА = 25 °С 
Сі 250 pF 
Ri = 200 0 
R2 = 390 Q 





0 1 2 3 4 5 6 7 8 
Number of Outputs Switchlng 


Figure 13 


TOutputs switching in the same direction (tpLH compared to (РЕНАРНЕ to ЇРНЫ) 
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* High-Performance Operation: эт от PACKAGE 
fmax (no feedback) (TOP VIEW) 


TIBPAL20R' ... 71.4 MHz 
fmax (internal feedback) 
TIBPAL20R' . . . 58.8 MHz 
fmax (external feedback) 
TIBPAL20R' ... 55.5 MHz 
Propagation Delay 
TIBPAL20' ... 10 ns Мах 


* Functionally Equivalent, but Faster Than 
Existing 24-Pin PLD Circuits 


е Preload Capability on Output Registers 
Simplifies Testing 





е Power-Up Clear on Registered Devices (АП 
Register Outputs are Set Low, but Voltage 


Levels at the Output Pins Go High) ТЇВРА1 2018” 
FN PACKAGE 
* Package Options Include Plastic Chip (TOP VIEW) 


Carriers in Addition to Plastic and Ceramic 
DIPs 


* Security Fuse Prevents Duplication 


е Dependable Texas Instruments Quality and 






Reliability 
I 3-STATE REGISTERED vo 
INPUTS | O OUTPUTS Q OUTPUTS PORTS 
киз] « | 2 J o —] 







PAL20R6 6 (3-state buffers) 


2 [в | 
аша | 12 [© [ ЕТТИ ИИ 
5-1 [7 
[mune] 32 | — 5 — | вбешевиее | 5 1 





description 
These programmable array logic devices feature 


D и N NC — No internal connection 
high speed and functional equivalency when Pin assignments in operating mode 


compared with currently available devices. These 
IMPACT-X™ circuits combine the latest Advanced 


Low-Power Schottky technology with proven titanium-tungsten fuses to provide reliable, high-performance 
substitutes for conventional TTL logic. Their easy programmability allows for quick design of custom functions 
and typically results in a more compact circuit board. In addition, chip carriers are available for futher reduction 
in board space. 


All ofthe register outputs are set to alow level during power up. Extra circuitry has been provided to allow loading 
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers 
can be set to an initial state prior to executing the test sequence. 


The TIBPAL2O' C series is characterized from 0°С to 75°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





standerd wai processing does not necessarily 


PRODUCTION DATA information 16 current ss of publication date. ii 
P Ца Pere Кана Дара wy Copyright © 1992, Texas Instruments Incorporated 
Include testing of и parameters. 
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TIBPAL20R4' 
JT OR NT PACKAGE 


(TOP VIEW) 





TIBPAL20R6' 
JT OR NT PACKAGE 


(TOP VIEW) 





TIBPAL20R8* 
JT OR NT PACKAGE 


(TOP VIEW) 





Pin assignments in operating mode 
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TIBPAL20R4 
FN PACKAGE 


(TOP VIEW) 





TIBPAL20R6' 
FN PACKAGE 


(TOP VIEW) 





ТІВРАІ 2088' 
ЕМ РАСКАСЕ 


(TOP VIEW) 
x о 
= 
ae Or d 
LJ 
2 





а 
16 24 Ца 
ІШ? 23Ца 

NC Ив 22 мс 


МС — № internal connection 
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functional block diagrams (positive logic) 
TIBPAL20L8' 


7 


E. 
E 
° 


7 


21 





TIBPAL20R4' 





^N. denotes fused inputs 
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TIBPAL20R6' 


ОЕ 
CLK 


е 
> 


p PID 


Ü ө, 





TIBPAL20R8' 


ДЛДДДАДДХД 





“уу denotes fused inputs 
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logic diagram (positive logic) 
1 
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ze 
аи: 
460 — > —[ро vo 
520 С) 
4 „809 a= 
1—5 ШЕННЕН 4 
p 
аш 
m = 20 
800 I— > 20 уо 
ase an 
ии аи 
5 920 
1 [>| [ 4 
4% 
2-1 
x = 2 
1120 I—] > Го vo 
ню = 
6 1240 a= 
Г-45: — 
1320 
= š " 
1440 — > ——[ро vo 
460 (=) 
1620 = 
7 1560 
1 —Db—d [— —4d 
1600 
7 
"m | > n 17 ро 
1840 аж 
8 1880 
1-8 2 4 
1069 
аи 
350 = 16 
2080 I—1 > |20 Vo 
2100 = 
ө 2% аи 
! > |] | | 
2 В 
ӨШ 
2400 o 
xe C 1 
авж 
10,2520 777] 14 
> < 1 
11 13 


Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 














CLK > 
Increment 
0 4 8 12 16 20 24 28 32 36 39 
I 2 (21 ЕО ИТ 1ТТТТ 2777 41117" 11117 asi = 
ш p 
Numbers 
о —H D 
ор 
120 L B 22 
160 Г] [>o 
200 
240-1| 
| yt | 
3 
ж —H 
440 —H 21 
480 —1] > 
мо 
9007 — T] 
1 22— 
вю =H 
ще: p 
воо —H pé 
мо —H | 
$20 | | си | 
РЕ я 
960 
19 
м E 
1 |-- | 
18 
LIP 
| = 
17 
D. 
> сър 
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16 
1 
15 
1 
I 14 
Fuse number = First fuse number + Increment a 


Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 


0 4 8 12 16 20 24 28 32 36 39 


VO 


vo 














Fuse number = First fuse number + Increment СФ— oE 
Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 


CLK > 
Іпсгетепі 
8 12 16 20 24 28 92 36 39 
23 
І 5 радиа IPL ТРЕЕ ТРЕЕ ТЕ 7014 7] (417 РЖ I 
First Fuse 
Numbers. 








Fuse number = First fuse number + Increment CP— ОЕ 
Pin numbers shown are for JT and NT packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ............................................................ 7V 
Input voltage (see Note 1) .......................................................4..2.2. ..... 5.5 V 
Voltage applied to disabled output (see Note 1) ............................................... 5.5 V 
Operating free-air temperature range .............................................. .... O*C to 75°С 
Storage temperature range .............. mm VERSA PA EE ея —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


Setup time, input or feedback before clockT 
Operating free-airlemperaturo 


= tw, tau, and th do not apply for TIBPAL20L8’. 





tw Pulse duration, clock (see Note 2) 





ы Hold time, input or feedback after clockT [m = 






NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and include all overshoots due to system and/or tester 


noise. Testing these parameters should not be attempted without suitable equipment. 
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electrical characteristics over recommended operating free-air temperature range 


RL рс = = ee | ee 
ук — -Weo-475v авав леу 

Won — | оставу lou = 32 mA ЖЕ ЕЕ. 
[CNN ELT CUN CT | RN шэн 
Мос 525 V, Vp -27V 


Та | ИО ports | 


одї ue Voc = 5.25 V, Vo -04V 


Ders m — 


“002285 ме 


Voc = 5.25 V, TE 0, 
Outputs open, OE = VIH 
t= 1 MHz, =2V 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


without [| wiheutfedback ________| 


— айлы e internal feedback 
(counter configuration) 
with external | | withextemalfeedback (| 


зората гэ сс Тө n reb 


НЕ БОЕ 2 s R2 = 2900, 
Е рона 
к= ВЕН ——— 
саг РТ 
== 


| Џеј o, Ще) 
tsk(o) Skew between registered outputs 


T All typical values are at Vcc = 5 V, ТА = 25°C. 
VO leakage is the worst case of lozL and || or lozH and |н respectively. 

9 Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Мо is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 
See section for fmax specifications. fmax does not apply for TIBPAL20L8'. 
This parameter applies to TIBPAL20R4' and TIBPAL20R6' only (see Figure 4 for illustration) and is calculated from the measured тах with internal 
feedback in the counter configuration. 

II This parameter is the measurement of the difference between the fastest and slowest рд (CLK-to-Q) observed when multiple registered outputs 
are switching in the same direction. 
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programming information 


Texas: Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. 
Step 2. 
Step 3. 
Step 4. 


With Voc at 5 volts and Pin 1 at Ми, raise Pin 13 to Мнн. 
Apply either Vii or Vip to the output corresponding to the register to be preloaded. 
Pulse Pin 1, clocking in preload data. 


Remove output voltage, then lower Pin 13 to Vii. Preload can be verified by observing the 
voltage level at the output pin. 





| РЕ" ыы ми. 
ҰШЫН > л SPE 

| | ---4---- Берта (94 24737 Мн 
| | | | VIL 


| | 
| Ч МН | Мон 


—-- VIL VoL 


Figure 1. Preload Waveforms 


NOTE 3: tq = tsu = th 100 ns to 1000 ns Мнн = 10.25 V to 10.75 v 
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power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Vog be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


иЕе 5v 
| 
+ pet зай 


| (600 ns ТУР, 1000 ne MAX) | 


Active Low VoH 
Registered Output 15V 

Е чета, VoL 

КЄ tout = 
l | Ун 

сік X 15V Ж 154 

роли. 

ыы 


t This в the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
+ This із the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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fmax SPECIFICATIONS 


fmax Without feedback, see Figure 3 


In this mode, data is presented at the input to the flip-flop and clocked through to the Q output with no feedback. 
Under this condition, the clock period is limited by the sum ofthe data setup time and the data hold time (ts, + th). 
However, the minimum fmax is determined by the minimum clock period (ty high + ty low). 

1 1 


Thus, fmax without feedback - ОИ + twlow) ог Tsu + ` 


CLK 


tsu + th 
or 
tw high + tw low 


Figure 3. fmax Without Feedback 


fmax With internal feedback, see Figure 4 


This configuration is most popular in counters and on-chip state-machine designs. The flip-flop inputs are 
defined by the device inputs and flip-flop outputs. Under this condition, the period is limited by the internal delay 
from the flip-flop outputs through the internal feedback and logic array to the inputs of the next flip-flop. 

ти: 1 
Thus, fmax with internal feedback = (are tp СІК ЕВ) ' 


Where {ра CLK-to-FB is the deduced value of the delay from СІК to the при of the logic array. 
сік 





— tsu — пра CLK-to-FB + 


Figure 4. fmax With Internal Feedback 
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fmax SPECIFICATIONS 


fmax With external feedback, see Figure 5 


This configuration is a typical state-machine design with feedback signals sent off-chip. This external feedback 
could go back to the device inputs or to a second device in a multi-chip state machine. The slowest path defining 
the period is the sum of the clock-to-output time and the input setup time for the external signals 
(Би + tpg CLK-to-Q). 

1 


Thus, fmax with external feedback = (su + га CLK-to- Q) ра СІК- 0-0)” 


CLK 


NEXT DEVICE 





| — e — een dea 


Figure 5. fmax With External Feedback 
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PARAMETER MEASUREMENT INFORMATION 


5v 


! 


$1 
R1 


From Output Test 
Under Test Polnt 


CL R2 
(see Note A) 


LOAD CIRCUIT FOR 


3-ЗТАТЕ OUTPUTS 
к — —— 3.5М 
3.5 V High-Level 
Input . | | 0.3 V 
М----- 0.3 V M— ty —ol 
ы. ы 3.5 У | | 3.5 У 
1 CEDE К. . 
ком 154 15V Low pene 15V 15V 
03V ------ 03V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 
Control 
(low-level 


enabling) 





Waveform 1 
$1 Closed 
(see Note B) 
| I VoH 
Out-of-Phase 
Output 15V 1.5V Waveform 2 
(вее Note 0) — — VoL 81 Open 
(see Note B) 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-ЗТАТЕ OUTPUTS 


NOTES: А. CL includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF for tgis. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
С. Ail input pulses have the following characteristics: PRR < 1 MHz, tr = tf < 2 ns, duty cycle = 50%. 
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
E. Equivalent loads may be used for testing. 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT PROPAGATION DELAY TIME 
vs vs 
FREE- AIR TEMPERATURE SUPPLY VOLTAGE 








« Ё 
T : tpHL (I, VO to O, UO) 
Ё Ё tPLH (l, VO to O, UO) 
3 z 
o Ф 
P | 
| š 
8 Ё 
= a 
Н2 -3900 
1 Output Switching 
TA – Free-Alr Temperature -°C Усс - Supply Voltage - V 
Figure 7 Figure 8 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
Ё Ё 
L 
Ë Ë ПР ни 
> > 
: Г ИН 
Е Е /5 22 
9 9 
Е s 
o о 
g 8 
a a 
2 2 
a a 
1 Output Switching 
0 25 50 75 0 100 200 300 400 500 600 
ТА - Free- Air Temperature — ° С Сі - Load Capacitance - pF 
Figure 9 Figure 10 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
vs PROPAGATION DELAY ПМЕТ 
FREQUENCY vs 
8-BIT COUNTER MODE NUMBER OF OUTPUTS SWITCHING 


Усс =5V 
Ta=25°C 
R1 = 200 Q 
R2 = 390 Q 
Сі = 50 pF 


8-Bit Counter 


Pp – Power Dissipation - mW 


'sk(o) — skew Between Outputs Switching — ns 





1 4 10 40 100 
F - Frequency — MHz Number of Outputs Switching 
Figure 11 Figure 12 
PROPAGATION DELAY TIME 


vs 
NUMBER OF OUTPUTS SWITCHING 


Propagation Delay Time - ns 


Voc + 5М 
ТА = 25 °С 
Сі = 50 pF 
Ri = 200 Q 
R2 = 390 O 





0 1 2 3 4 5 6 7 8 
Number of Outputs Switching 


Figure 13 


TOutputs switching in the same direction (ірін compared to tPLH/tPHL to (РНЦ 
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е High-Performance: fmax (w/o feedback) C SUFFIX клане РАСКАСЕ 
TIBPAL20R’ -15C Series . . . 45 MHz М SUFFIX . . . JT OR W PACKAGE 
TIBPAL20R' -20M Series ... 41.6 MHz 


* High-Performance... 45 MHz Min 
е Reduced icc of 180 mA Max 


(TOP VIEW) 


* Functionally Equivalent, but Faster Than 
PAL20L8, PAL20R4, PAL20R6, PAL20R8 


е Power-Up Clear on Registered Devices (All 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


* Preload Capability on Output Registers 
Simplifies Testing 


* Package Options Inciude Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 
and Ceramic DIPs TIBPAL20L8' 


С SUFFIX... FN PACKAGE 
I 3-STATE REGISTERED уо М SUFFIX... FK PACKAGE 
| висе | mpura | оботяла | тута | ponta 
[muas| ~ | 2 L 9 | 6 | (TOP VIEW) 
Габон 32 И gya 
Еті 
| O | 











PALOR6 | 12 | о | 6 (3-state buffers) 
РА 2088 | 12 | 0 [| 8(3-statebuffers) 


description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. These 
IMPACT™ circuits combine the latest Advanced 
Low-Power Schottky technology with proven 
titanium-tungsten fuses to provide reliable, 
high-performance substitutes for conventional 
TTL logic. Their easy programmability allows for 
quick design of custom functions and typically NC — No internal connection 
results in a more compact circuit board. In Pin assignments in operating mode 
addition, chip carriers are available for futher 

reduction in board space. 





Extra circuitry has been provided to allow loading of each register asynchronously to either a high or low state. 
This feature simplifies testing because the registers can be set to an initial state prior to executing the test 
sequence. 


The TIBPAL20’ C series is characterized from 0°C to 75°С. The TIBPAL20' M series is characterized for 
operation over the full military temperature range of —55*C to 125°C. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





ferme of Texes instrumenta Copyright © 1989, Texas Instruments Incorporated 


conform 
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TIBPAL20R4' TIBPAL20R4' 

C SUFFIX... JT OR NT PACKAGE C SUFFIX... FN PACKAGE 

M SUFFIX... JT OR W PACKAGE M SUFFIX . .. FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL20R6' TIBPAL20R6' 
С SUFFIX... JT OR NT PACKAGE С SUFFIX... FN PACKAGE 
M SUFFIX... JT OR W PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





TIBPAL20R8' ТВРА! 2088" 
С SUFFIX... JT OR NT PACKAGE С SUFFIX . . . FN PACKAGE 
M SUFFIX... JT OR W PACKAGE M SUFFIX... FK PACKAGE 
(TOP VIEW) (TOP VIEW) 





NC — No internal connection 


Pin assignments in operating mode 
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TIBPAL20L8-15C, TIBPAL20R4-15C 
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functional block diagrams (positive logic) 


TIBPAL20L8' 





TIBPAL20R4' 





^ denotes fused inputs 
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TIBPAL20R6-15C, TIBPAL20R8-15C 
TIBPAL20R6-20M, TIBPAL20R8-20M 
HIGH-PERFORMANCE IMPACT "V. PAL CIRCUITS 


RPS021 – D2920, JUNE 1986 - REVISED AUGUST 1 
functional block diagrams (positive logic) 
TIBPAL20R6' 


ОЕ 
сік 


Eu 
LN 
[E 
LES 
ИШ эң 
=: 
аг 
НЭЭН 


TIBPAL20R6' 


MS 
- 
= 
E 
2 
2 
= 
== 


^N. denotes fused inputs 
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logic diagram (positive logic) 
1 
I 


2 


First Fuse 


Increment 


TIBPAL20L8-15C 
TIBPAL20L8-20M 
HIGH- PERFORMANCE IMPACT™ PAL? CIRCUITS 


RPSO21 – 02920, JUNE 1986 – REVISED AUGUST 1989 


! > T А АРА А АРА А А T || [||[| ж. 


Numbers. 





40 
80 
120 


88207888 288 MBEBE 
| ! 


~ 
8 


нн 


1 [2 — А n  г e 


Fuse number = First fuse number + Increment 


Pin numbers shown are for JT, NT, and W packages. 


Е} 


23 


21 


20 


19 


18 


17 


16 


vo 


vo 


vo 


vo 


vo 


vo 
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TIBPAL20R4-20M 
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logic diagram (positive logic) 


0 4 8 12 16 20 24 28 32 36 39 
2 


| Әр] 
Firet Fuse 





|| 
І-ІІІ 


Fuse number = First fuse number + Increment CL— OE 
Pin numbers shown are for JT, NT, and W packages. 
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TIBPAL20R6-15C 
TIBPAL20R6-20M 
HIGH-PERFORMANCE /MPACT™ PAL? CIRCUITS 


SRPSO21 — 02920, JUNE 1986 – REVISED AUGUST 1989 
logic diagram (positive logic) 
eux p> 


0 4 8 12 16 20 24 28 32 36 39 


V 8ESEESES M 
| | 


tf assesses 


o 

3 

5 
[IIIIIILTTILLLLLLLLLLLLLLLLLLLLELLELELI 





в 
в 
2920 - |- 
= 
п 
" 
m 


10,2620 T] 
1 311 


|| ГАРИ 
i May THT EET PE НН Ht Ht HE | м ! 


Fuse number - First fuse number + Increment CP— ОЕ 
Pin numbers shown are for JT, NT, and W packages. 
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TIBPAL20R8-15C 
TIBPAL20R8-20M 
HIGH-PERFORMANCE /MPACT™ PAL? CIRCUITS 


SRPS021 – 02920, JUNE 1986 - REVISED AUGUST 1989 
logic diagram (positive logic) 
Increment 


0 4 в 12 16 20 24 28 32 36 3 


1 2 > W... ТЕТЕ TIIT ТРЕ ТР РГР 2 I 


umbes ВИ 
1111-1111 






Numbers, 


11 =a | || 
нч 4 I 


Fuse number - First fuse number « Increment СР— ОЕ 
Pin numbers shown are for JT, NT, and W packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) ......................................................2.2.22.. 7V 
Input voltage (see Note 1) ................................................................. 5.5V 
Voltage applied to disabled output (see Note 1) ............................................. 5.5 V 
Operating free-air temperature range ...............................................2.2.4. 0°С to 75°C 
Storage їетрегашге range- ...................................2..2...........2.2222... —65°С to 150°C 


NOTE 1: These ratings apply except {ог programming pins during a programming cycle. 


recommended operating conditions 












Supply voltage 4.75 5.25 
High level input voltage 














Low-level при уойадө ее АИ 
г нана елата [ of m^ | 
lo Lowleveloufput current 
felock Clock frequency |_о ____45| we | 
ї ШІ 
tw Pulse duration, clock 
Setup time, input or feedback before clockT | 15 | n | 
ы Hold time, input or feedback after clockT — — ИГЫ 
Operating free-air temperature 


Н соо ty, Ви, and th do not apply for ТІВРА( 20187. 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN ТҮРІ МАХ | имп | 
Voc = 4.75 V, |=-18 тА -08 -15 
Мос = 475 V, ЮН =—32тА 











fa ате. Усс = 4757, БЕТА оз 05] v | 
[oa outputs | 
Усс = 5.25 V, Мо =2.7 V 
ПО port d 8 м“ 
[2 
ба: ras парна аи за 
Мос - 525, EET] 







int сот 525, Wye а — e 







Vcc = 5.25 v, Vo = 0.5 V -70 -130| mA | 


Voc = 5.25 V, Vi - 0, 
Outputs open, OE at VIH 120 180 mA 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN TYPI МАХ | UNIT 
With feedback 
"E МН: 
Without feedback 





| tda | 1, VO ©, 1/0 R1 =2009, 


R2 = 390 0, 
See Figure 3 





T All typical values are at Усс = 5 V, TA = 25°С. 
For I/O ports, the parameters |ң and ||| include the off-state output current. 
Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 


Ч tmax(with feedback) = —— 2 1 1 


ef thout feedback) = ---------- 
isu + tpg (GLKto Q) ' fmax(without feedback) = —— + му low 


fmax does not apply for TIBPAL20L8,. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ...........................................2...............1. 7V 
Input voltage (see Note 1) ................................................................. 5.5М 
Voltage applied to disabled output (see Note 1) ............................................... 5.5V 
Operating free-air temperature range ................................................ -55%С to 125°C 
Storage temperature rANGe ................................................. .... —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


ммм 
UMEN III. DEG = rss 
ин Hone — у 
WE usen в 
ООО 177-744 


| V | 
| mA | 
| mA | 
| MHz | 
sm | ГТ 
к= 
ша 
|o | 


Setup time, input or feedback before clockT = | 























a Hold time, input or feedback after clockT 
TA Operating free-air temperature 


t folock tw» Ви, and th do not apply for ТЇВРА12018”, 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS МІМ ТҮРІ МАХ ите) 
Vik | Усс-45У |--18тА 28 -15! V | 
К Voc = 45 V, Юн = -2 mA — Гү 


чост = 4.5 V, LUI 


CRIT 0 
од? Сакай Yo -04у аг 


= Усс = 5.5 V. У = 5.5 У — 
Voc = 5.5 V, М =2.7\ 
a others ес l 


Үсс =5.5V, =0.4 У 





Switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) TEST CONDITION MIN ТҮРІ МАХ | UNIT 









| With feedback |285 40 | S 
max" Without feedback 
Сена = EX 


NI: 5.15 

1, VO о, VO 

T All typical values are at Усс = 5 V, TA = 25°C. 

For I/O ports, the parameters |ң and || include the off-state output current. 
Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. Set Мо at 0.5 V to 
avoid test equipment ground degradation. 










R1 = 390 Q, 
R2 = 750 О, 
See Figure 3 









Ч tmax(with feedback) =, 1 , 
тпах( ) fame үкі (CLK to Q) fmax(without feedback) = te high + tw low 


fmax does not apply for TIBPAL20L8,. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested withouthavingto step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Усс at 5 volts and Pin 1 at М, raise Pin 13 to Мнн. 

Step 2. Apply either Vj, or Мн to the output corresponding to the register to be preloaded. 

Step3. Pulse Pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower Pin 13 to Vi. Preload can be verified by observing the 
voltage level at the output pin. 


Le teu Le tg | "n 





| > 
| ty — W- t | | 
| | ---4----------- Уін 
PIn 1 | | 
| | | Ї ViL 
| | 1 | 
| qT VIH | Мон 
--- VIL VoL 


Figure 1. Preload Waveforms 


NOTES: 2. Pin numbers shown are for JT, NT, and W packages only. If chip carrier socket adapter is not used, pin numbers must be changed 
accordingly. 
3. tq = tsu = = 100 пз to 1000 ns V|HH = 10.25 V to 10.75 v 
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power-up reset (see Figure 2) 
Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Усс be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. Й 


GNE. EE MCN Е Бу 
| 
| 
о 

| 1600 ns ТУР, 1000 ns MAX) | 


Active Low VoH 
Registered Output 15V 
P eee ақы VoL 
н tout ә] 
| | ун 
CLK 1.5 У 1.5 У 
| [^ CU ME 
tw 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
t This is the setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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PARAMETER MEASUREMENT INFORMATION 











| 
81 
R1 
From Output Test 
Under Test Point 
с R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
c——- (3.5 М) [3 V] 
High-Level ( 
Timing m (3.5 V) [3 V] рода 15V 15V 
Input | | | (0.3 V) [0] 
ЦМ----- (0.3 V) [0] M— ty — 
teu phe th | | 
йы. СО ——- BSV | | мам 
input 1.5V 1.5V kow Level 15V 15У 
(0.3 V) [0] — — —— (0.3 У) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output (3.5 V) [3 V] 
CIE (3.5 V) [3 V] Control 1.5V 
Input 15V 15V (low-level | 
| (0.3 V) [0] enabling) imc ингэх (0.3 V) [0] 
n < 
ра 4—0) пей ‘pd | | че |- 
In-Phase | осон рар 233V 
Output . Waveform 1 1.5 V 
VoL $1 Closed | Ñ | Ї Lc УЕ +0:SV 
и-з- ‘ра (see Note В) — ж — VoL 
са» ee шэг wm t * 
Out-of-Phase | он n | 
Output 15V 15V Waveform 2 | pin VoH 
зөө Note D ----у 81 Ореп 
( | ын (see Note B) 15V Мон -0.5 V 
VOLTAGE WAVEFORMS ||| =» =0 V 
PROPAGATION ОЕГА 8 
nen маны ын VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: А. Сү Includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tdis- 


B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses ( ). PRR s 1 MHz, 
= tf 2 ns, duty cycle = 5096. For M suffix, use the voltage levels indicated in brackets ||. PRR < 10 MHz, tr and tí <2 ns, duty cycle 
= 50%. 
. When measuring propagation delay times of 3-state outputs, switch 81 is closed. 
. Equivalent loads may Бе used for testing. 


m uo 


Figure 3. Load Circuit and Voltage Waveforms 
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TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, ТІВРДІ.2088-25С 
LOW-POWER HIGH- PERFORMANCE IMPACT™ PAL CIRCUITS 


5ҢР5022 - 02920, MAY 1987 - REVISED MARCH 1992 





9 Low-Power, High-Performance JT SANT Бархас 
Reduced Їсс of 105 mA Мах (TOP VIEW) 


fmax 
Without Feedback . . . 33 MHz Min 
With Feedback... 25 MHz Min 
tog... 25 ns Max 


* Direct Replacement for PAL20L8A, 
PAL20R4A, PAL20R6A, PAL20L8A, with at 
Least 50% Reduction in Power 


* Preload Capability on Output Registers 
Simplifies Testing 


е Power-Up Clear on Registered Devices (АП 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 





е Package Options Include Plastic Chip TIBPAL20L8' 
Carriers in Addition to Plastic and Ceramic FN PACKAGE 
DIPs (TOP VIEW) 


* Dependable Texas Instruments Quality and 
Reliability 


[эе Ты» о ВН Т 
INPUTS | OOUTPUTS а OUTPUTS шин 
Гро w | 2 T 0 ] 

Шин 20222 хэм 
Fmuxme| 12 [0 | бановине | 2 | 
[razors] 12 | 0. | 8 state butters) | о | 











description 


These programmable array logic devices feature 
high speed and functional equivalency when 
compared with currently available devices. These 
IMPACT™ circuits combine the latest 
AdvancedLow-Power Schottky technology with МС - No internal connection 

proven titanium-tungsten fuses to provide reliable, Pin assignments Ih opening mede 
high-performance substitutes for conventional 

TTL logic. Their easy programmability allows forquick design of custom functions and typically results in a more 
compact circuit board. In addition, chip carriers are available for futher reduction in board space. 





Allofthe register outputs are set to alow level during power-up. Extra circuitry has been provided to allowloading 
of each register asynchronously to either a high or low state. This feature simplifies testing because the registers 
can be set to an initia! state prior to executing the test sequence. 


The TIBPAL20’ C series is characterized from 0°C to 75°С. 


These devices are covered by U.S. Patent 4,410,987 
IMPACT is a trademark of Texas Instruments Incorporated. 
PAL is a registered trademark of Advanced Micro Devices Inc. 





PRODUCTION DATA information is current es of publication date. i 

P TION DATA I per he ато ~ Copyright © 1992, Texas Instruments Incorporated 
standerd warrenty. Auction processing does not necessarily 

Include testing of all parameters. 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-265 


TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C 
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL? CIRCUITS 


SAPS022 - 02920, MAY 1987 — REVISED MARCH 1992 


TIBPAL20R4' TIBPAL2OR4' 
JT OR NT PACKAGE FN PACKAGE 
(TOP VIEW) (TOP VIEW) 
x o 
--038. 9 
2 








2 210 
6 
TIBPAL20R6' TIBPAL20R6' 
JT OR NT PACKAGE FN PACKAGE 
(TOP VIEW) (TOP VIEW) 








TIBPAL20R6&' TIBPAL20R8' 
JT OR NT PACKAGE FN PACKAGE 
(TOP VIEW) 





Pin assignments in operating mode 








NC - No internal connection 
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functional block diagrams (positive logic) 


TIBPAL20L6' 





TIBPAL20R4" 





^N. denotes fused inputs 
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functional block diagrams (positive logic) 


TIBPAL20R6* 








ДАДА, 






1 


TIBPAL20R8' 


a 
а 
а 
а 
а 
а 
а 
а 


TE 
ES 
- 
= 
нь 
ES 
= 
ни 





^N. denotes fused inputs 
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logic diagram (positive logic) 
1 


! 
Increment 


0 4 8 12 16 20 24 28 32 36 39 


ОВАА 01101012 
[I | || [|| ||| | ||| | ||| пасат a 


2 23 
| А 11 
Firet Fuse 


21 vo 


20 vo 


19 
vo 


18 vo 


17 vo 


16 vo 





1 "м-н г 11] [11] TI (11. 


Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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logic diagram (positive logic) 


0 8 12 16 20 24 28 32 36 39 


ыы 


4 
ГГ Үн 40 TITI xj 
Firet Fuse 
2211 000 САД САВ | 
0 LIT] 1111-1111 [| TI [IIl Li ГЕН 
Е = 


23 










Fuse number = First fuse number + Increment Cb 
Pin numbers shown are for JT and NT packages. 
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TIBPAL20R6-25C 
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL? CIRCUITS 


SRPS022 – 02920, MAY 1987 – REVISED MARCH 1992 


logic diagram (positive logic) 



























сік —D 
Increment 
0 4 8 12 16 20 24 28 32 36 39 
E 1 ИЕ гт тэ тэ — S 
First Fuse 
Numbers D 
0 шишиши Г [T |] = шижин E 














Fuse number - First fuse number + Increment CP— OE 
Pin numbers shown are for JT and NT packages. 
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TIBPAL20R8-25C 
LOW-POWER HIGH-PERFORMANCE /MPACT™ PAL? CIRCUITS 
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logic diagram (positive logic) 


Increment 


0 4 8 12 16 20 24 28 32 36 39 





Fuse number = First fuse number + Increment 
Pin numbers shown are for JT and NT packages. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Мос (see Note 1) ....................................................... 2. . . 7V 
Input-voltage (see-Note:1) а ава gc када o ue ines fy LIE S БЫН desea Te wa es 5.5М 
Voltage applied to disabled output (see Note 1) .............................................. .. 5.5 V 
Operating free-air temperature range ................................................. 0°С to 75°С 
Storage temperaturerange ....................................................... -65%С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


loL Low-level output current 


fclock Clock frequency 


tw t Pulse duration, clock 


Setup time, input or feedback before clockT 


X, Hold time, input or feedback after clockT 
TA Operating free-air temperature 
t felock: tw: tsu, and th do not apply for TIBPAL20L8'. 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER — [| — — 0 тевтсонотонв [| мы ту Max] unr | 
B Граал. 2102-1222 шы 2 
E 4757, PERLES er ли 
Шоо GRE ST ВЕ ЛАТ 


к е 


Voc = 5.25 V, Vo -04V 


Voc = 5.25 V, = 5.5 У 
Voc = 5.25 V, =2.7 V 
Усс = 5.25 V, те 0.4 У 


Voc = 5.25 V, Vo -0 -70 -130 арас 
Voc = 5.25 V, = 0, mÁ 
Outputs open, OE at Мн 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





With feedback 
Without feedback 


R1 = 200 0, 
R2 = 390 0, 
See Figure 3 





О 0.10 


Tan typical values are at Voc = 5 М, Ta = 25°C. 
+ For /О ports, the parameters Ин and її include the off-state output current. 
Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 


Та ый Беда у ml o. 1 


tau + tog (CLKto д) ' fmax(without feedback) = пат + tw low 


fmax does not apply for TIBPAL2OLB,. 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Усс at 5 volts and Pin 1 at Vj, raise Pin 13 to Мнн: 


Step2. Apply either ViL or Мн to the output corresponding to the register to be preloaded. 
Step3. Pulse Pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower Pin 13 to Му. Preload can be verified by observing the 
voltage level at the output pin. 


Pin 1 


| 
| | 
| JTT VIH | VoH 
— Cm Е 


--- Vit VoL 





Figure 1. Preload Waveforms 


NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip carrier socket adapter is not used, pin numbers must be changed 
accordingly. 
3. tq = tau = th 100 ns to 1000 ns Мнн = 10.25 V to 10.75 v 
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TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20RB-25C 
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5НР5022 - 02920, MAY 1987 - REVISED MARCH 1992 
power-up reset (see Figure 2) 


Following power up, all registers are reset to zero. This feature provides extra flexibility to the system designer 
and is especially valuable in simplifying state-machine initialization. To ensure a valid power-up reset, it is 
important that the rise of Vcc be monotonic. Following power-up reset, a low-to-high clock transition must not 
occur until all applicable input and feedback setup times are met. 


СОН NEMINEM ND Бу 
| 
8-ы---- 


| 
| (600 пв ТҮР, 1000 пз МАХ) | 


Active Low Уон 
Registered Output 15V 
јр а ата VoL 
M— ми! | 
| | Мн 
CLK 1.5 У 1.5 V 
Se = VIL 
muU, 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
t This is the Setup time for input or feedback. 


Figure 2. Power-Up Reset Waveforms 
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TIBPAL20L8-25C, TIBPAL20R4-25C, TIBPAL20R6-25C, TIBPAL20R8-25C 
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PARAMETER MEASUREMENT INFORMATION 


5М 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-ЗТАТЕ OUTPUTS 
к — —-— 35V 
3.5 М High-Level 
Timing o Pulse 15V 15V 
Input | | | 0.3 V 
4. — — — — — озу M— ty —ol 
эы И-ы _ | | 
| --- 2. 3.5V 
озу ---- 03V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
бр 3.5М 
Control 
(low-level 
enabling) A Th er 





= 3.3 V 
Waveform 1 
$1 Closed ЖЕ ы 
(see Note В) — VoL 
| 1 Уон 
Out-of-Phase 
Output 15V 15V Waveform 2 — — Мон 
see Note D = V. $1 Ореп 
| ) ФЕ (вее Note В) : Уон -9.5 У 
VOLTAGE WAVEFORMS =0 V 


PROPAGATION DELAY TIMES 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. CL includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for ав. 
B. Waveform 1 is for an output with intemal conditions such that the outputis low except when disabled Бу the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. All input pulses have the following characteristics: PRR s 1 MHz, tr and tr < 2 ns, duty cycle = 50%. 
. When measuring propagation delay times of 3-state outputs, switch 51 is closed. 
. Equivalent loads may be used for testing. 


moo 


Figure 3. Load Circuit and Voltage Waveforms 
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TIBPAL20L8-15CNL, TIBPAL20R4-15CNL, TIBPAL20R6-15CNL, TIBPAL20R8-15CNL 
TIBPAL20L8- 25CNL, TIBPAL20R4-25CNL, TIBPAL20R6- 25CNL, TIBPAL20R8-25CNL 


HIGH-PERFORMANCE IMPACT™ PAL CIRCUITS 


SRPS023 - D3095, JANUARY 1988 - REVISED AUGUST 1989 


TIBPAL20L8' ... FN PACKAGE 


е High-Performance: fmax (w/o feedback) 
TIBPAL20R' -15CNL Series . . . 45 MHz (TOP VIEW) 
TIBPAL20R' -25CNL Series ... 33 MHz 




















* -15CNL Devices are Direct Replacements 
for PAL20L8BCNL, PAL20R4BCNL, 
PAL20R6BCNL, and PAL20R8BCNL 


е -25CNL Devices are Direct Replacements 
for PAL20L8B-2CNL, PAL20R4B-2CNL, 
PAL20R6B-2CNL, and PAL20R8B-2CNL 


е Power-Up Clear on Registered Devices (АП 
Register Outputs are Set Low, but Voltage 
Levels at the Output Pins Go High) 


* Preload Capability on Output Registers 
Simplifies Testing 


же Ты]. ШЕ Бы 
INPUTS | OOUTPUTS Q OUTPUTS PORTS 
[muxs| « | 2 | 9 Tej 
[muon | 32 | 0 — | азанын [4 | 
[muon] 32 | —9 — | 5Gssetufes | 2 | 
[moms] 37 | 0 | 8 @stae puters) | 9 | 


ordering information 


Devices with the AMD chip-carrier pin-out sh 
here may be ordered by using the indicate 
number with the NL suffix. Do not inclug 
package suffix (FN). 
description 

These programmable array logi 
high speed and functional 
compared with currently a Š devices. These 
IMPACT" circuits comb: е latest Advanced 
Low-Power Schottky; 
titanium-tungsten 4 to provide reliable, 
high-| performan; substitutes for conventional 













0 
1 





121314 1516 17 189 













Ceu 
о 


- 


ТЇВРА20Н6 . .. FN PACKAGE 
(TOP VIEW) 


65 feature 







TTL logic. sy programmability allows for 5 
quick desig custom functions and typically TIBPAL20R8' ... FN PACKAGE 
results i more compact circuit board. In 

| : OP VIE 
addition, chip carriers are available for futher т x Pu) 
reduction in board space. -11099 о 


Extra circuitry has been provided to allow loading 4 3 2 1282726 
of each register asynchronously to either a high or 25 
low state. This feature simplifies testing because 
the registers can be set to an initial state prior to 
executing the test sequence. 


The TIBPAL2O' C series is characterized from 0°С 


to 75*C. 
These devices are covered by U.S. Patent 4,410,987. 
IMPACT is a trademark of Texas Instruments Incorporated. 








о Ç 
PAL is a registered trademark of Advanced Micro Devices Inc. NC — No internal connection 
PRODUCTION DATA Information в current ве of publication date. Copyright © 1989, Texas Instruments Incorporated 
Products conformto fications per the terms of Техез rere 
standard warranty. n processing does not neces 
include testing of all parameters. T | ЇЕХА5 
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functional block diagrams (positive logic) 
TIBPAL20L6' 


7 





TIBPAL20R4' 





^w. denotes fused inputs 
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functional block diagrams (positive logic) 
ТЇВРА120Н6” 


ФЕ 
сік 





ТІЛГЕН 
ДДДДД; 


• 
t 






TIBPAL20R8’ 


ДДЛДДАДДД 





СУ, denotes fused inputs 
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TIBPAL20L8-15CNL 
TIBPAL20L8-25CNL 


HIGH-PERFORMANCE /MPACT™ PAL? CIRCUITS 
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logic diagram (positive logic) 
1 
1 


2 
I >! 
First Fuse 


10, 1880 


12,2200 


Fuse number = First fuse number + increment 
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Increment 







T 
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TIBPAL20R4-15CNL 
TIBPAL20R4-25CNL 
HIGH-PERFORMANCE IMPACT™ PAL® CIRCUITS 


5023 - 03095, JANUARY 1988 – REVISED AUGUST 1989 


logic diagram (positive logic) 


Increment 
0 4 8 12 16 20 24 28 32 36 39 
2 
! 2-1 33 Т БЕН ШІН БЕН ІШІН ІН БЕН ІНІН ШЕН ІН ІН Ш БЕН ІН PI Jj 27 
Firet Fuse 
Numbers 
1 АДА БЕН [ 

















Fuse number = First fuse number + Increment 
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TIBPAL20R6-15CNL 
TIBPAL20R6-25CNL 
HIGH-PERFORMANCE /MPACT тч PAL CIRCUITS 


SRPS023 – 03095, JANUARY 1988 – REVISED AUGUST 1989 
logic diagram (positive logic) 
Increment 


4 8 12 16 20 24 28 32 36 39 
2 LIT LLLI 


0 
| ра man ee ee Ж) 
Firet Fuse 
Numbers 
0 H 
ваш 
13-14 


27 


ом 
||| 


8 | SERBHHBE | заваа 


1000 





Fuse number = First fuse number + Increment. 
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TIBPAL20R8-25CNL 
HIGH- PERFORMANCE IMPACT™ PAL® CIRCUITS 


RPS023 – 03095, JANUARY 1988 — REVISED AUGUST 1989 


logic diagram (positive logic) 


0 4 8 12 16 20 24 28 32 36 39 
2 
I Pb] СТР ТЕР | [|__|| ||| TT] [1 < 2 I 


umbes, ОДИ 


Numbers 











10 1880 


20 
1522 o 


12,2200 





I [> ___ || 11] ы ЦЕ || | ||| [||| ТРТУ 


Fuse number = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) .......................................................2... .. 7V 
Input voltage (See мое); 2%; аа ща бебка SUV а ҚАЛАЛА ЖА ША Ene ын 5.5V 
Voltage applied to disabled output (see Note 1) ............... We Melee aces даа der eQ YR Ge 5.5 М 
Operating free-air temperature range ................................................ .. 0°C to 75°C 
Storage temperature гапде ....................................................... —65°C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


ASGNL 
Г MIN NOM MAX| MIN NOM мах) UNIT 


ЕЕ [2 — 5] 

Пи. ___Lewlevelinputvoliage — ОСТ 

Пон — Нончюунощиве —— — — — ПОТЕ 

По. — lewieeloputcumnt — — — Е 

Heck? corean [о мож 
gcc 0 


| mA | 

| MHz | 
: | [Hh | 15 7 | 

on | 

[пе | 


tay Setup time, input or feedback before clockT | 25.1 15 _____| 
Wi нна те, ри ог oscbak ar cook т елү у == 
ТА Operating free-air temperature 0 25 75 0 25 75 


сюек, tw, tau, and th до not apply for TIBPAL20L8'. 




















Texas 4? 


INSTRUMENTS 


2-286 POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 


TIBPAL20L8-15CNL, TIBPAL20R4-15CNL, TIBPAL20R6-15CNL, TIBPAL20R8-15CNL 
HIGH- PERFORMANCE IMPACT™ PAL? CIRCUITS 


SRPS023 – 03095, JANUARY 1988 – REVISED AUGUST 1989 


electrical characteristics over recommended operating free-air temperature range 


[ mmwern | — — ботов [мы то ма uw | 
Усс-4.75У, 1--16тА — 3. 

Е Voc = 475 V, Іон = -3.2 mA 

и м. 


О, G outputs — м 
m ouem Мос = $25 V, Vm 


lozL Sese] Voc = 5.25 V, Vo -04V 








[йс ик — 
Voo= 525V, 2559 — F 
Voc = 525 V, -27V ор | 






ЯН: Vcc = 5257, ТН 0 -70 -130 Я 


Үсс = 5.25 М, М = 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN а МАХ 


NIT 
With feedback MHz 
Without feedback 















R1 = 200 0, 
R2 = 390 0, 
See Figure 2 






Tau typical values are at Voc = 5 V, TA = 25°С, 
+ Рог ИО рогіз, the parameters |н and | include the off-state output current. 
Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 


T tmax(with feedback) = тъ ака | а, 
u 


+ tpg (CLKto Q)' fmax(without feedback) = то + ћу оу 


fmax does not apply for TIBPAL20L8’ 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN ТҮРІ мах | UNIT | 

Voc = 475 V, |=-18 mA 28 -15 
а Усс = 4.75 V, [он = -92 mA |_24 33 |у | 
Усс = 475 V, 101 = 24 mA ---ы У | 


lozH | ССТ Voc = 5.25 V, Мо < 2.7 V 


[торо | ШО ports | 


О, Q outputs 
CN ы P Voc = 5.25 V, Vo -04V 


| ИО ports | 
Усс = 5.25 V, = 5.5 V 
—— Veg = 5:25 У, ПЕЕ 
o — [| 0:58, — Vost ET x. 


Voc = 5.25 V, М! = 0, 
Icc Outputs open, OE at Мн n 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





With feedback 
Without feedback 


R1 - 200 Q, 


R2 = 390 0, 
See Figure 2 





ТАН typical values are at Усс = 5 V, ТА = 25°С. 
For I/O ports, the parameters Їүн and ||| include Не off-state output current. 
5 Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 
4 : 1 1 
fmax(with feedback) = —— f ith f ат E ERA 
ви + Ба (CLKtoQ)' fmax(without feedback) = high + tw low 


fmax does not apply for TIBPAL20L8' 





% 


TEXAS 
INSTRUMENTS 


2-288 POST OFFICE BOX 855303 9 DALLAS, TEXAS 75265 





TIBPAL20L8-15CNL, TIBPAL20R4-15CNL, TIBPAL20R6-15CNL, TIBPAL20R8-15CNL 
TIBPAL20L8-25CNL, TIBPAL20R4-25CNL, TIBPAL20R6-25CNL, TIBPAL20RB-25CNL 
HIGH- PERFORMANCE IMPACT™ PAL? CIRCUITS 


RPS023 – 03095, JANUARY 1988 - REVISED AUGUST 1989 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 


preload procedure for registered outputs (see Figure 1 and Note 2) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below. 


Step 1. With Усс at 5 volts and Pin 1 at ү, raise Pin 16 to Мнн. 

Step 2. Apply either V, or Уің to the output corresponding to the register to be preloaded. 

Step3. Pulse Pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower Pin 16 to Ми. Preload can be verified by observing the 
voltage level at the output pin. 


| 
| 

| ua | ViL 
| 


“ЇЕ 


Pin 1 





| | 
| 177 VIH | VoH 
——- VIL VoL 


Figure 1. Preload Waveforms 
NOTE 2: tq = tsy = th = 100 ns to 1000 ns МНН = 10.25 V to 10.75 v 





2 


TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 2-289 


TIBPAL20L8-15CNL, TIBPAL20R4-15CNL, TIBPAL20R6-15CNL, TIBPAL20R8-15CNL 
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PARAMETER MEASUREMENT INFORMATION 


5v 


Ь 


81 
А1 


From Output Test 
Under Test Point 


CL R2 
(see Note A) 


LOAD CIRCUIT FOR 





3-STATE OUTPUTS 
---- 35V 
High-Level 
Timing пат 52% Pulse 15V 15V 
Input : | ! озу 
М----- 0.3 V M— ty — 
teu > th | | 
——- 35% 3.5 М 
Data | N - 
озу ------ 03V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 
Control 
(low-level 
enabling) 
Waveform 1 
81 Closed 
(see Note B) 
| 1 Уон 
Out-of-Phase 
Output 1.5 У 1.5 У Waveform 2 
(вее Note D) -- — — VoL 81 Open 
(вее Note B) 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. Cy includes probe and jig capacitance and із 50 pF for tog and ten, 5 pF for Кв. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. All input pulses have the following characteristics: PRR < 1 MHz, tr and tt < 2 ns, duty cycle = 50%. 
. When measuring propagation delay times of 3-etate outputs, switch S1 is closed. 
. Equivalent loads may be used for testing. 


moo 


Figure 2. Load Circuit and Voltage Waveforms 
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C SUFFIX... NT PACKAGE 

M SUFFIX . . . JT PACKAGE 

e Choice of Operating Speeds (ТОР VIEW) 
TIBPAL22V10AC ... 25 ns Мах 
TIBPAL22V10AM ... 30 ns Мах 
TIBPAL22V10C ... 35 ns Мах 


е Increased Logic Power – Up to 22 Inputs 
and 10 Outputs 


е Second-Generation PLD Architecture 


е Increased Product Terms - Average of 12 
Per Output 


* Variable Product Term Distribution 
Allows More Complex Functions to Be 
Implemented 





* Each Output Is User Programmable for 
Registered or Combinational Operation, 
Polarity, and Output Enable Control nidos M m мо 


* TTL-Level Preload for Improved Testability (TOP VIEW) 


е Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


е Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


е AC and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


е Dependable Texas Instruments Quality and 
Reliability 


* Package Options Include Both Plastic and 
Ceramic Chip Carriers in Addition to Plastic 


and Ceramic DIPs NC — No internal connection 
Pin assignments in operating mode 





* Functionally Equivalent to AMDs 
AMPAL22V10 and AMPAL22V10A 


description 


The TIBPAL22V10 and TIBPAL22V10A are programmable array logic devices featuring high speed and 
functional equivalency when compared to presently available devices. They are implemented with the familiar 
sum-of-products (AND-OR) logic structure featuring the new concept "Programmable Output Logic Macrocell". 
These IMPACT™ circuits combine the latest Advanced Low-Power Schottky technology with proven 
titanium-tungsten fuses to provide reliable, high-performance substitutes for conventional TTL logic. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabled through the use of individual product terms. 


These devices are covered by U.S. Patent 4,410,987. 
IMPACT is a trademark of Texas Instruments Incorporated. 





Products contorm to specifications per the terme of Texas Instruments 
warranty. Production processing dose not necessarily include 


PRODUCTION DATA information В current as of publication date. Copyright © 1992, Texas Instruments Incorporated 
standard warrenty. 
тейт of ell parameters. 
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description (continued) 


Further advantages can be seen in the introduction of variable product term distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


Circuit design is enhanced by the addition of asynchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends оп 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V10 and TIBPAL22V10A offer quick design and development of custom LSI functions with 
complexities of 500 to 800 equivalent gates. Since each of the ten output pins may be individually configured 
as inputs on either a temporary or permanent basis, functions requiring up to 21 inputs and a single output or 
down to 12 inputs and 10 outputs are possible. 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V10C and TIBPAL22V10AC are characterized for operation from 0°С to 75°С. The 
TIBPAL22V10AM is characterized for operation over the full military temperature range of -55°C 10125°С. 
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functional block diagram (positive logic) 
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ҒА; denotes fused inputs 
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Asynchronous Reset 
(to all registers) 


в i BG 24111. Ер a8 :2 _ 
н а ІНІН ЕНІН ЕН 






Increments 









logic symbol (positive logic) 
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Л 
ӛт 
45 
24 
9 с 9 е о ЕЕ 
~ ~ ~ ~ ~ 6 
5 e 9 5 S $2. 
Ф [nd е u ч о 
= = = = = = 








First fuse number 4 Increment 
Inside each MACROCELL the "P" fuse is the polarity fuse and the "R" fuse is the register fuse. 
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output logic macrocell diagram 





AR = asynchronous reset 
33 = synchronous ве! 
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REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT VO FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 


Register feedback Registered Active high 
1О feedback Combinational | Active low 
10 feedback Combinational | Active high 





0 < unblown fuse, 1 < blown fuse 
81 and SO are select-function fuses as shown in the output logic macrocell 


diagram. 


Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ...................................................2.....4.2.. .. 7V 
Input voltage (See.Note 1) х. рае eed A sss E EY A EA TS -5.5 V 
Voltage range applied to disabled output (see Note 1) ......................................... 5.5V 
Operating free-air temperature range ........................................... ...... 0°С to 756 
Storage temperature range ...................................................2.. .. —65*C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


TIBPAL22V10C TIBPAL22V10AC 
| мн NOM MAX| MN мом МАХ] UNT 


У 


tw Pulse duration Clock higit оро 
Asynchronous reset high or low 


зи Setup time before clockT 
th Hold time, input, set, or feedback after clockT 
1 1 


оок (with feedback) = — т, рок (without feedback) = 1! —— 
ee = и + Ipg(OLK to Q) ' lock (withou ) ^ Fallow) + twihigh) 
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electrical characteristics over recommended operating free-air temperature range 


IK Voc = 4.75 У, 1--18тА 
Үсс-475Ч. Пон“ 28274 
OL Усс = 4.75 У, lop = 16 тА 
liL А 
IL 

C 


Any ou 
Any ИО 


п--- -[Vec-825V W-88BV | 
Ін |Хо-өу му — | 
Го | Voo=525, очу | 
Усс = 5.25 У, М = GND, Outputs open 


Switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO TIBPAL22V10C TIBPAL22V10AC 
PARAMETER TEST CONDITIONS 
(INPUT) (OUTPUT) мн ТҮРІ МАХ | ММ ТҮРТ МАХ 
| ma | With feedback ЖЕП ЕСТІ ЕН 





по | © | м зоо, 
1,10 (ве | а | 8682-3900, 
[ e [ Gk | а | зөвөө 





м | mo [юа 

Г Гомо | ea 

T All typical values are at Усс = 5 V, ТА = 25°С. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Мо is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


‚ тах (without feedback) = 1 


1 RNC TS ES МЕНЕИ 
fmax (with feedback) = д tog(CLK to Q) twilow) + tw(high) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ..............................................2....2......... 7V 
Input voltage (see Note 1) | uisi а ee EE D Rer ext eme noid he Reel Reden eae -5.5М 
Voltage range applied to disabled output (see Note 1) ......................................... 5.5 V 
Operating free-air temperature range ............................................... —55*C to 125°C 
Storage temperature range ....................................................... —65*C to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


C Supply voltage 


Low-level input voltage 


Ус 

VIH High-level input voltage 

VIL 
loH High-level output current 


tw Pulse duration Sock high or low 
Asynchronous reset high or low 





| put ________ 
би Setup time before clock? 
TA Operating free-air temperature 
T folock (with feedback) = DENTIS] ı fclock (without feedback) = ранен 
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electrical characteristics over recommended operating free-air temperature range 


кж Мое seta —— E 
ИЕН a PZ АНЯ 
VoL Усс - 45 V lo = 12 тА | 025 05) v | 

| m 
| wA | 


Voc = 5.5 У, \| =5.5 М 


ҺА 


Усс-5.5У, Уі-0.4У 


о" | \0=55% Vo=05V 
Voc =5.5V, V = GND, Outputs open 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITIONS мн ТҮРІ МАХ | UNIT 


Ec sas Wh feedback 

|___а ___| я 9-0 
зы s ы ERR у 
BER о ые т [ша 
Го» | ют [бё 


Tan typical values are at Voc = 5 V, Ta = 25°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 

1 : 1 


ви + рус Ко Q) fmax (without feedback) = twilow) + tw(high) 





|______ [тл | 
P0225 | 
| 120 180 | 


















А1 = 390 9, 
R2 = 750 ©, 
See Figure 4 

















2 [|m] 
во "а | 
иш ae 
| __ æf ns | 
ЕТ of ns | 
SEENE 





1 fmax (with feedback) = 
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preload procedure for registered outputs (see Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Усс at 5 V and рт 1 at Ми, raise ріп 13 to Мнн. 
Step 2. Apply either Vi or Мн to the output corresponding to the register to be preloaded. 
Step 3. Pulse pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower pin 13 to Vi . Preload can be verified by observing the voltage level 
at the output pin. 





У 
| le tsu >» “- tg и. 
18 

Pint | 
зи те ане 
| 
— — SH а 
--- VIL VoL 


Figure 2. Preload Waveforms 


NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip-carrier socket adapter is not used, pin numbers must be changed 
accordingly. 


3. іа = toy = ty = 100 ns to 1000 пз. Мин = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


Voc 4у Бу 
| 


—— — 


| (690 ns typ, 1000 ns MAX) | 


MT Ч E. Уон 
Active Най 
ro / “етене — Sus 
| 


VoL 
| 
Active Low Мон 
Registered Output State Unknown 1.5 V 
тне VoL 
K— tsu + >» 
| Мн 
CLK 1.5V 1.5 У 
м 
| М | 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
* This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 










| 
$1 
R1 
From Output Test 
Under Test Polnt 
с. R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-8ТАТЕ OUTPUTS 
c>- (8.5 М) [3 М 
High-Level 
Timing mue (3.6 V) [3 V] Pulse 15V 15V 
Input д. . (0.3 V) [] | | (0.3 V) [0] 
=== N М “ ы 
шог л. 
| d——- (85У)|3У| (3.5 V) [3 V] 
(0.3 V) [0] — — —-— (0.3 V) [0] 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output (3.5 V) (3 V] 
----- (3.5 V) [3 V] Control 1.5 V 
Input 15V 15V (tow-level А 
| | (0.3 V) (01 enabling) АЧ Г 090 
m l< > td ten < 
In-Phase | | < — - Мон 
Output 15V Waveform 1 
VOL $1 Closed 
я». (вее Note В) 
tpa -4-» Шын 
| 1 Мон 
-of-Pha 
ош е 15У 15V Waveform 2 
(вее Note D) = — – VoL 81 Open 
(see Note B) 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-ЗТАТЕ OUTPUTS 


NOTES: А. CL includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tdiə. 

B. Waveform 1 із for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

C. All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses ( ). PRR < 1 MHz, 
tr = ts 2 ns, duty cycle = 50%. For M suffix, use the voltage levels indicated in brackets |1. PRR < 10 MHz, tr and ty < 2 ns, 
duty cycle = 50%. 

D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 

E. Equivalent loads may be used for testing. 


Figure 4. Load Circuit and Voltage Waveforms 
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е High-Performance Operation: FN PACKAGE 
fmax (External Feedback) ... 111 MHz (ТОР VIEW) 
Propagation Delay ... 5 ns Мах 


е Increased Logic Power – Up to 22 Inputs 
and 10 Outputs 


е Increased Product Terms - Average of 12 
Per Output 


* Variable Product Term Distribution 
Allows More Complex Functions to Be 
Implemented 


е Each Output Is User Programmable for 
Registered or Combinational Operation, 
Polarity, and Output Enable Control 





* Power-Up Clear on Registered Outputs 
е TTL-Level Preload for improved Testability 


е Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


* Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


• AC and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


е ЈЕРЕС Approved Revolutionary Power and 
Ground Pinout for 28-Pin Chip Carrier 
Reduces Cross Talk and Ground Bounce 


е JEDEC File Compatibility Allows Previous 


'22V10 Designs to be Programmed Into the 
TIBPAL22V10-5C Without Modifications 


description 


The TIBPAL22V10-5C is a programmable array logic device featuring high speed and functional equivalency 
when compared to presently available devices. The TIBPAL22V10-5C is implemented with the familiar 
sum-of-products (AND-OR) logic structure featuring programmable output logic macrocells. These 
IMPACT-XL™ circuits combine the latest Advanced Low-Power Schottky technology with proven Шатит- 
tungsten fuses to provide reliable, high-performance substitutes for conventional TTL logic. 


This device contains up to 22 inputs and 10 outputs. It incorporates the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabled through the use of individual product terms. 

Further advantages can be seen in theintroduction of variable productterm distribution. Thistechnique allocates 
from 8 to 16 logica! product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


This device is covered by U.S. Patent 4,410,987. 
IMPACT-XL is a trademark of Texas Instruments Incorporated. 
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description (continued) 


2-306 


Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V10-5C offers quick design and development of custom LSI functions with complexities of 500 to 800 
equivalent gates. Since each of the ten output pins may be individually configured as inputs on either a temporary 
or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 10 outputs 
are possible. 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will verify as open. 


The TIBPAL22V10-5C is characterized for operation from 0°С to 75*C. 
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functional block dlagram (positive logic) 
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š = 
«xu Rese | | 








Output 
> Logic 






тоа 


уоа 
CLK/I 
/ша 
џоја 
тоа 
/о/а 
Vo/Q 
vo/Q 


оа 


VO/Q 


^X, denotes fused Inputs 
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25 уоа 
= Vo/Q 


(to all registers) 
Масго- 
il 
Р = 581. M 
А a 881 
Масго- 
сей 
=a » 
1 
LL 
A | ри5814 
Я = 6815 


Asynchronous Reset 





logic diagram (positive logic) 
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2904 
за O 
3852 


First fuse number + Increment 
Inside each MACROCELL the "P" fuse is the polarity fuse and the "R" fuse is the register fuse. 


ichronous Set 


$ 

E 

e 
° = Baele] 3 
а е ааа 
5 9 58 
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output logic macrocell diagram 


Output Logic Macrocell 





AR = asynchronous reset 
88 = synchronous set 
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REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





ПО FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT VO FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
| sí 80 | FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 


Register feedback Registered Active high 
МО feedback Combinational | Active low 





МО feedback Combinational | Actlve high 


0 = unblown fuse, 1 = blown fuse 
51 and SO are select-function fuses as shown in the output logic macrocell 
diagram. 


Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) .......... secondo ined OVI талын ООО УС канада ал ады 7У 
Input voltage range (see Note 1) ............................................... —1.2 V to Усс 40.5 V 
Voltage range applied to disabled output (see Note 1) ........................... —0.5 V to Усс «0.5 V 
Operating free-air temperature range .................................................. O*C to 75°С 
Storage temperaturerange ....................................................... —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


Мм ком мах 
| 

он i 

ог 



















> 


High-level output current 
Low-level output current 


| Clock high or low 
; 
ipt o 


NOTE 2: These аге absolute voltage levels with respect to the ground pin of the device and includes all overshoots due to зуз!ет and/or tester 
позе. Testing these parameters should not be attempted without suitable equipment. 









зи Setup time before clockT 








о 


A 
M 
o a 
a 
a 
~ = № 
a a a 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN TYP МАХ | UNIT 
мк Ус 476 |--18тА 






Voo-4JSY, — 10н:-321 База такава even 
VOL Veo = 4.75 V, lo, = 16 mA | ow 05| v | 










[| Мос-625м, Wi=55V 22222128! 
СК 

| [OK — | voc-525V, м = 0.4 V 

NN => —— m) 










loc Voc = 5.25 V, V| = GND, 

2-1 [г Е Е 
ИРА ханы port. ro №: 
б f= 1 MHz, Vo-2V [ITE 





T All typical values are at Voc = 5 V, TA = 25°С. 
tyo leakage is the worst case of lozL and ||| or lozH and Пн, respectively. 
Not more than one output should be shorted at a time, and the duratlon of the short circuit should not exceed one second. Мо is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


Without feedback 


With internal feedback (counter configuration) 
With extemal feedback 
|___а | o R1 = 3000, 


R2 = 300 0, 
See Figure 4 


| td | 1, VO (reset) 
d CL 
d CLK 
n 


‘max (without feedback) = 





tw(low) + tw(high) 
1 


fmax (with internal feedback) = Teu + toa(OLK to feedback) 


1 
leu + tpa(CLK to а) 


# This parameter is calculated from the measured fmax with internal feedback In the counter configuration. 


fmax (with external feedback) < 
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preload procedure for registered outputs (see Note 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Усс at 5 V and pin 1 at Vj, , raise pin 14 to Vin. 

Step 2. Apply either Vy or Мн to the output corresponding to the register to be preloaded. 

Step 3. Pulse pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower pin 14 to VIL. Preload can be verified by observing the voltage level 
at the output pin. 


Ріп 1 


| | 
| ДР Мн | Мон 


——- VL VoL 





Figure 2. Preload Waveforms 
NOTE 3: tg = tay = tw = 100 ns to 1000 ns. Мнн = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc бе 
monotonic. Following power-up reset, а low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


Е ee ии 5v 
| 
Ара» 


{ра | 
| (600 ns typ, 1000 ns MAX) | 


Active High +--------- Уон 
Registered Output 15V 


| VoL 
| 
Actlve Low VoH 
Registered Output State Unknown 15V 
T mL E og ENS VoL 
— teu? ә 
l | Мн 
CLK 1.5 У 1.5 У 
+---- мү. 
ци 


T This Is the power-up reset time and applies to registered outputs only. The values ehown are from characterization data. 
This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 





ji 
81 
R1 
From Output Test 
Under Test Point 
е R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3v — — — 3М 
| High-Level 
rese 15V тее 15V 15V 
Os ен 0 | | о 
6-ы--і 
аи 1—16 >i— th | ж | 
| ФУ 
раа 15V 15V | | зү 
Input Low-Level 15V 15V 
0 Pulse 
(see Note B) аят 0 
(seo Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 
Control 
(low-level 
enabling) 
Waveform 1 
81 Closed 
(see Note С) 
Waveform 2 
81 Open 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (eee Note С) 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. CL includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tdis. 

. All input pulses have the following characteristics: РАА < 1 MHz, t = | = 2 ns, duty cycle = 50%. 

. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 


. Equivalent loads may be used for testing. 


то о» 


Figure 4. Load Circuit and Voltage Waveforms 
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С SUFFIX .. . NT PACKAGE 
M SUFFIX . . . JT PACKAGE 
© High-Performance Operation: (TOP VIEW) 
fmax (External Feedback) 
TIBPAL22V10-7C . . . 80 MHz Min 
TIBPAL22V10-10M... 71 MHz Min 
Propagation Delay 
TIBPAL22V10-7C ... 7.5 ns Мах 
TIBPAL22V10-10M . . . 10 ns Мах 


ө Second-Generation PLD Architecture 


е increased Logic Power - Up to 22 Inputs 
and 10 Outputs 


е Increased Product Terms - Average of 12 
Per Output 


о — фо сот + ом ~ 


е Variable Product Term Distribution 
Allows More Complex Functions to Be 
Implemented 





C SUFFIX... FN PACKAGE 

е Each Output Is User Programmable for M SUFFIX . . . FK PACKAGE 
Registered or Combinational Operation, тор MEN 
Polarity, and Output Enable Control 


* Power-Up Clear on Registered Outputs 
е TTL-Level Preload for Improved Testability 


е Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


* Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


е ACand ОС Testing Done at the Factory 
Utilizing Special Designed-In Test Features 





е Package Options Include Both Plastic and NC — No internal connection 
Ceramic Chip Carriers in Addition to Plastic Pin assignments in operating mode 
and Ceramic DIPs 


description 


The TIBPAL22V10-7C and TIBPAL22V 10-10M are programmable array logic devices featuring high speed and 
functional equivalency when compared to presently available devices. They are implemented with the familiar 
sum-of-products (AND-OR) logic structure featuring programmable output logic тасгосе!$. These IMPACT-X™ 
circuits combine the latest Advanced Low-Power Schottky technology with proven titanium-tungsten fuses to 
provide reliable, high-performance substitutes for conventionai TTL logic. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabled through the use of individual product terms. 


These devices are covered by U.S. Patent 4,410,987. 
1МРАСТ-Х is a trademark of Texas Instruments Incorporated. 
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description (continued) 


Further advantagescan beseen intheintroduction of variable productterm distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is а logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Outputregisters can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V10' offers quick design and development of custom LSI functions with complexities of 500 to 800 
equivalent gates. Since each oftheten outputpins may be individually configured as inputs on either atemporary 
or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 10 outputs 
are possible. 


А power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V10-7C is characterized for operation from 0°C to 75°C. The TIBPAL22V10-10M is characterized 
for operation over the full military temperature range of —55?C to 125°C. 
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functional block diagram (positive logic) 













Output 
Logic 


> Log /ша 
Масгосе!! 
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Ё 
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ГО denotes fused inputs 
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logic diagram (positive logic) 
сюр 
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ӛр 
gs 
22 
Hi 
8 8 8 8 8 Бе 
- ж. - = = ош 2. 
Ф м о > ч о 
= = = = m - 


— I Ер E 





First fuse number + Increment 
Inside each MACROCELL the "P" fuse is the polarity fuse and the "R" fuse is the register fuse. 


т 
š go š š 


Ф к о o o 
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Fuse number 
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output logic тасгосе!! diagram 


Output Logle Macrocell 


po c — 





AR z asynchronous reset 
88 - synchronous set 
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REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT VO FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
| $1 S | FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 
Register feedback Registered Active high 
/О feedback Combinational | Active low 
ИО feedback Combinational | Active high 


0 = unblown fuse, 1 = blown fuse 
81 and SO are select-function fuses as shown in the output logic macrocell 
diagram. 













Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) ....................................................2...24. 2... ТМ 
Input voltage range (see Note 1) ............................................. -1.2V to Усс 40.5 V 
Voltage range applied to disabled output (see Note 1) ........................... -0.5 V to Усс 40.5 V 
Operating free-air temperature range ................................................... 0°C to 75°C 
Storage temperature range ....................................................... —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


Supply voltage 


High-level input voltage (see Note 2) — 
Low-level input voltage (see Note 2) 










Clock high or low 
Asynchronous reset high or low 


17-77: 
Зи Setup time before clockT Synchronous preset (active) Г-6 — 

















Synchronous preset (inactive) 
Asynchronous reset (inactive) | 6 | | | 
Hold time, input, set, or feedback after clockT 


Operating free-air temperature 










Л 
NOTE 2: These are absolute voltage levels with respect to the ground рп of the device and includes all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN ТҮРІ МАХ | UNIT 
Mik TV = 475, = -18 тА 
Мо | Voc-475V он = -$2 тА 
Youn | Voc- 475v. lo = 16 тА 

lozHt Усс = 5.25 V, Vo 22.7 V 


п мес 5. Vi=55V 


ин" | Vvoc=525v, М-27У 


Мк 
Мон 
VOL 
pA 
CLK 
и _ [8X Vog= 528, V= 04V 
сс 
с 


eae ШТ 
Гаж ах | 
[— ПО 
од | Усс-5®ъ м | 
м | 
вы | 
АА ma | 


Al others 
оз | voses  vo-osv ям | 
Voc = 5.25 V, М = GND, Outputs open 
а __________ умна EFI 
[a — RR? Vo-2V 
TAI typical values are at Усс = 5 V, TA = 25*C. 

МО leakage is the worst case of |071 and || or lozH and ун, respectively. 


Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Мо is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO TEST TIBPAL22V10-7CFN | TIBPAL22V10-7CNT 
PARAMETER (INPUT) (OUTPUT) CONDITIONS 


Сы | o *dCO = 8000, 


R2 = 300 0, 


or 
[a] seo Figures 


tw(low) + tw(high) 
1 
tsu + tog(CLK to feedback) 
ee eee 
teu + «ок to Q) 


* This parameter is calculated from the measured fmax with internal feedback in the counter configuration. 


Гы | 1100 6 





пах (without feedback) = 
fmax (with internal feedback) = 


fmax (with extemal feedback) = 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 1) ........................................................... 7V 
Input voltage range (see Note 1) ............................................. —1.2 V to Voc 40.5 V 
Voltage range applied to disabled output (see Note 1) ........................... -0.5 V to Усс 40.5 V 
Operating free-air temperature range ............................................... —55°С to 125°C 
Storage temperature range .................. Sega ааа a AER аи RR e iets tats —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


[ee ee | мн һом MAX] 
45 5 
2 
loH i 
OL 












aya 
оса 


High-level output current 
| Low-level output current 


Pulse durati Clock high or low 
х M Asynchronous reset high or low 


йил == 
= 125 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and Includes all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 





10 
7 
7 






tsu Setup time before clockT 









°C 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN ТҮРІ МАХ | UNIT 
V 


Уос 454. 18 тА -[ v | 
Veo 45 V lon --2 mA 
Voc = 454) lou = 12 тА | 
Іш 
сс 
i 
о 


lozu* Voc = 5.5 V, Мо=2.7\ 

ог: Мсс = 5.5 М, Мо =0.4 V 
| Усс-55М М=5.5У 
Усс = 55 V, Vi - 04V 


All others 


os’ | хонх хайх 
гет Мно, Yo=2¥ 


T All typical values are at Мос = 5 V, TA = 25°С. 
МО leakage is the worst case of 1071. and || or lozH and цн, respectively. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM To 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION 


[es | o  [ 1 —] ese 


Гы | юж |а | 8-79 
Гы | ак | a | | зөвөө 
[м | ок | кешк | 
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1 
fw(low) + tw(high) 

е == eee 
tsu + tgg(CLK to feedback) 


тах (without feedback) = 


fmax (with internal feedback) = 


1 


fmax with extemal feedback is not production tested and із calculated using the equation, fmax (with external feedback) = Tou + Ба Кю а) 


* This parameter is calculated from the measured {тах with internal feedback in the counter configuration. 
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preload procedure for registered outputs (See Notes 3 and 4) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Voc at 5 V and pin 1 at Му, raise ріп 13 to Мин. 

Step 2. Apply either Му or Мн to the output corresponding to the register to be preloaded. 

Step 3. Pulse pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower pin 13 to Ми... Preload can be verified by observing the voltage level 








at the output pin. 
Рїп 13 
| Уш 
| “-ы.- 4 и 
ка мэ 01-01 
Мн Ээ S ARE 7 
PIn 1 
1 | | | vi 
1 | | ! 
| ч шин! | Мон 
земе VoL 


Figure 2. Preload Waveforms 


NOTES: 3. Pin numbers shown аге for the JT and NT packages only. If chip-carrier socket adapter із not used, pin numbers must be changed 
accordingly. 
4. tg = tay = ty = 100 ns to 1000 ns. Мнн = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Vcc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


LG NENNEN п ==—ЕЕ sv 
| 
ы + 


| (600 ns typ, 1000 ns MAX) | 


+ — Мон 
Active High 
| 


VoL 
| 
Active Low VOH 
Registered Output State Unknown 15V 

T араак VoL 

КЄ tsu t — 
! | VIH 

CLK 1.5 У 1.5 У 

ИЕ 

= 


T This в the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
t This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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THERMAL INFORMATION 


thermal management of the TIBPAL22V10-7C 


Minimum Transverse Alr Flow — ft/min 


Thermal management of the TIBPAL22V10-7CNT and TIBPAL22V10-7CFN is necessary when operating at 
certain conditions of frequency, output loading, and outputs switching simultaneously. The device and system 
application will determine the appropriate !evel of management. 


Determining the level of thermal management is based on factors such as power dissipation (Pp), ambient 
temperature (Тд), and transverse airflow (FPM). Figures 4 (a) and 4 (b) show the relationship between ambient 
temperature and transverse airflow at given power dissipation levels. The required transverse airflow can be 
determined at a particular ambient temperature and device power dissipation level in order to ensure the device 
specifications. 


Figure 5 illustrates how power dissipation varies as a function of frequency and the number of outputs switching 
simultaneously. It should be noted that all outputs are fully loaded (Сү = 50 pF). Since the condition of ten fully 
loaded outputs represents the worst-case condition, each application must be evaluated accordingly. 
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THERMAL INFORMATION 


POWER DISSIPATION 
vs 
FREQUENCY 


| 


Pp — Power Dissipation - mW 
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ЧИГ антта 


200 
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Figure 5 
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PARAMETER MEASUREMENT INFORMATION 


5У 
81 
R1 
From Output Test 
Under Test Polnt 
сі R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3v ---- зу 
Timi High-Level 
Input 15V 9 Pulse 45V 15V 
5------ 0 | | 0 
teu th wc 
| Moe V 
Data isy iav | | зү 
Input Low-Level 15V 15V 
0 Pulse 4 
(see Note В) 0 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 
Control 
(low-level 
enabling) 





Waveform 1 
$1 Closed 
{see Note C) | 
Waveform 2 | — — Мон 
VOLTAGE WAVEFORMS ion Note) 15V * Von -0.5V 
PROPAGATION DELAY TIMES = |. 1580000) / ч =0 V 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 
NOTES: А. CL includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF ЮГ. 
B. All input pulses have the following characteristics: PRR s 1 MHz, | = у = 2 ns, duty cycle = 50%. 
С. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. When measuring propagation delay times of 3-state outputs, switch 51 is closed. 
E. Equivalent loads may be used for testing. 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT PROPAGATION DELAY TIME 
vs vs 
FREE- AIR TEMPERATURE SUPPLY VOLTAGE 
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TYPICAL CHARACTERISTICS 
WORST-CASE PROPAGATION DELAY TIME WORST-CASE PROPAGATION DELAY TIME 
vs vs 
NUMBER OF OUTPUTS SWITCHING NUMBER OF OUTPUTS SWITCHING 
FK AND FN PACKAGES JT AND NT PACKAGES 
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H А = tpLH (I, UO to O, VO) Е А = tpLH (I, VO to O, VO) 

4 = tpu (1, UO to O, VO) = tpHL (I, VO to О, VO) 

© = ФЕН (CLK to Q) © = tpi H (CLK to Q) 

е = {РНЕ (CLK to Q) ® = РНЕ (CLK to Q) 
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Figure 11 Figure 12 
POWER DISSIPATION 
vs 
FREQUENCY 


10-ВІТ COUNTER MODE 


Pp — Power Dissipation - mW 
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Figure 13 





TEXAS 
INSTRUMENTS 


2-334 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 





TIBPAL22V10-10C 
HIGH-PERFORMANCE /MPACT-X™ PROGRAMMABLE ARRAY LOGIC CIRCUITS 


$АР$015 – 03972, FEBRUARY 1992 





е Second-Generation PLD Architecture TIGE MEN. 
е High-Performance Operation: 
тах (External Feedback) . .. 71 MHz 


Propagation Delay... 10 ns Мах 


е Increased Logic Power - Up to 22 Inputs 
and 10 Outputs 


е Increased Product Terms - Average of 12 
Per Output 


* Variable Product Term Distribution 
Allows More Complex Functions to Be 
Implemented 


е Each Output Is User Programmable for 
Registered or Combinational Operation, 
Polarity, and Output Enable Control 


* Power-Up Clear on Registered Outputs 





(TOP VIEW) 


* TTL-Level Preload for Improved Testability 


* Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


е Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


е AC and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


е Dependable Texas Instruments Quality and 
Reliability 





A NC — No intemal connection 
* Package Options Include Plastic Pin assignments in operating mode 


Dual-In-Line and Chip Carrier Packages 


description 


The TIBPAL22V10-10C is a programmable array logic device featuring high speed and functional equivalency 
when compared to presently available devices. They are implemented with the familiar sum-of-products 
(AND-OR) logic structure featuring the new concept "Programmable Output Logic Масгосе!”. These 
IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky technology with proven titanium- 
tungsten fuses to provide reliable, high-performance substitutes for conventional TTL logic. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabled through the use of individual product terms. 


Further advantages can be seen in the introduction of variable product term distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


This device is covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 


Products conform to specifications per the terms of Texas Instrumente 
Production processing dose not necessarily include 


PRODUCTION DATA information № current as of publication date. Copyright © 1992, Texas Instruments Incorporated 
etanderd warranty. 
we ting of ell parameters. 
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description (continued) 


Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V10-10C offers quick design and development of custom LSI functions with complexities of 500 to 800 
equivalent gates. Since each of the ten output pins may be individually configured as inputs on either a temporary 
or permanent basis, functions requiring up to 21 inputs anda single output or down to 12 inputs and 10 outputs 
are possible. 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V10-10C is characterized for operation from 0°C to 75°C. 
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functional block diagram (positive logic) 


хода 


гоа 
VO/Q 
оға 
/о/а 
/о/а 
уоа 
уоа 
ога 


Vo/Q 





^X, denotes fused Inputs 
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(to ай registers) 
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logic diagram (positive logic) 
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(to all registers) 


Synchronous Set 


$ 22 
Е . È 














тийш 











First Fuse number + increment 


Inside each MACROCELL the "P" fuse is the polarity fuse and the "R" fuse is the register fuse. 


| 
І 
1 
1 
1 
1 
Fuse number 
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output logic macrocell diagram 


Output Logic Масгосей 





AR = asynchronous reset 
88 = synchronous set 
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REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT VO FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 


Register feedback Registered Active high 
ПО feedback Combinational | Active low 
ИО feedback Combinational | Active high 





0 = unblown fuse, 1 = blown fuse 
$1 and 50 are select-function fuses as shown in the output logic macrocell 
diagram. 


Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vcc (see Note 1) ........ MENO ads ha qu tS ОНЫСЫН ERU Oxo UN PRG SE VES ТМ 
Input voltage (see Note 1) ........................... TI EFC КОИ -1.2 V to Усс «0.5 V 
Voltage range applied to disabled output (see Note 1) ........................... -0.5 V to Усс 40.5 V 
Operating free-air temperature range .................................................. O*C to 75°С 
Storage temperature гапде ...................................................... —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


с Supply voltage 4. 5 


У 
a 


Ме 


р Clock high or low 
ies ирэн Ко 
7 
teu Setup time before clockT 


NOTE 2: These are absolute voltage levels with respect to the ground pin of the device and includes all overshoots due to system and/or tester 
noise. Testing these parameters should not be attempted without suitable equipment. 
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electrical characteristics over recommended operating free-air temperature range 


мы ту? МАХ UNIT 


loz Voc = 5.25 V, Vo =0.4V : 
Үсс 5251 Vi=55V 


Voc = 5.25 V, М=2.7\ 


lozHt Voc = 5.25 V, Vo =2.7 V 


IK 

OH 

е 

Ie Voc = 5.25 V, М = 0.4 V 
All others 

[Icc 1 | Усс-525У, Vi = GND, Outputs open 

p Ey 

Co 


f = 1 MHz, Vi=2 V 


[a — | rr voza 


1 All typical values are at МСС = 5 V, ТА = 25°C. 
VO leakage is the worst case of lozL and || or ЮРН and Пн, respectively. 
Not more than one output should be shorted ata time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 


Г 2-1 176 —[.- | зэс 


Гы | emm | а | во зоо, 
ы | м C| в | зөвөө 
ыт [ок | в | 
а а 





1 
twllow) + tw(high) 
1 
зи + ОК to feedback) 


Tmax (without feedback) = 


fmax (with internal feedback) = 


1 
tsu + tpa(CLK to Q) 


# This parameter is calculated from the measured fmax with internal feedback in the counter configuration. 


{тах (with external feedback) = 
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preload procedure for registered outputs (see Notes 3 and 4) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. 
Step 2. 
Step 3. 
Step 4. 


With Усс at 5 V and pin 1 at Vi}, raise pin 13 to Мнн. 
Apply either Vi or Мн to the output corresponding to the register to be preloaded. 
Pulse pin 1, clocking in preload data. 


Remove output voltage, then lower pin 13 to Му . Preload can be verified by observing the voltage level 
at the output pin. 


Ріп 1 


| 
| 77 VIH | VoH 
тг VIL 


VoL 





Figure 2. Preload Waveforms 


NOTES: 3. Pin numbers shown are for the NT package only. If chip-carrier socket adapter is not used, pin numbers must be changed accordingly. 
4. ig = su = ty = 100 ns to 1000 ns. Мнн = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


ши а 5v 
| 
+t 


| (600 ns typ, 1000 ns МАХ) | 


eec VoH 
NT m 


Ї VoL 
| 
Active Low Мон 
Registered Output State Unknown 1.5У 

1 es ШЕ г эрир га аш VoL 

КЄ teu t ә 
! | Мн 

CLK 15V 15V 

+===—=— у 

a 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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THERMAL INFORMATION 


thermal management of the TIBPAL22V10-10C 


Thermal management of the TIBPAL22V10-10CNT and TIBPAL22V10-10CFN is necessary when operating at 
certain conditions of frequency, output loading, and outputs switching simultaneously. The device and system 
application will determine the appropriate level of management. 


Determining the level of thermal management is based on factors such as power dissipation (Pp), ambient 
temperature (TA), and transverse airflow (FPM). Figures 4 (a) and 4 (b) showthe relationship between ambient 
temperature and transverse airflow at given power dissipation levels. The required transverse airflow can be 
determined at a particular ambient temperature and device power dissipation level in order to ensurethe device 
specifications. 


Figure 5 illustrates how power dissipation varies as a function of frequency and the number of outputs switching 
simultaneously. It should be noted that all outputs are fully loaded (C, = 50 pF). Since the condition of eight fully 
loaded outputs represents the worst-case condition, each application must be evaluated accordingly. 
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Pp — Power Dissipation - mW 


THERMAL INFORMATION 


POWER DISSIPATION 
vs 
FREQUENCY 
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NOTES: A. 
B. 
C. 


PARAMETER MEASUREMENT INFORMATION 


T 
81 
R1 
From Output Test 
Under Test Point 
с. R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-ЗТАТЕ OUTPUTS 
ЗУ ----- JV 
Timi High-Level 
Input 1.5 М 9 ples 15V 15V 
ep = сг мы. 0 | | 0 
“-...... th m == tw том 
Data V Бу ч ЇЕ | | зу 
Input Low-Level 15V 15V 
0 Pulse ` : 
(see Note B) Um era) 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Input Output 
Control 
(low-level 
tpa > enabling) 
In-Phase 
Output 


D. 
E. 


VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 










Waveform 2 
$1 Open 
(вее Note C) Мон -0.5V 


Fy ae tS =0V 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


CL includes probe and Jig capacitance and is 50 pF for tog and ten, 5 pF for tdis- 

All input pulses have the following characteristics: PRR < 1 MHz, | = tf = 2 ns, duty cycle = 50%. 

Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output в high except when disabled by the output control. 

When measuring propagation delay times of 3-state outputs, switch $1 is closed. 

Equivalent loads may be used for testing. 


Figure 6. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT PROPAGATION DELAY TIME 
vs vs 
FREE- AIR TEMPERATURE SUPPLY VOLTAGE 


| (РІН ü, VO to 0, VO) 
lenem | 
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10 Outputs Switching 
TA – Free- Alr Temperature — ^C Voc – Supply Voltage – V 
Figure 7 Figure 8 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
PROPAGATION DELAY TIME vs 
vs FREQUENCY 
NUMBER OF OUTPUTS SWITCHING 10-BIT COUNTER MODE 


Propagation Delay Time - ns 
Pp — Power Dissipation — mW 


а = tpLH (l, VO to O, VO) 
А = tPHL (l, VUO to O, VO) 
O = tPLH (CLK to Q) 
€ = tPHL (CLK to Q) 





1 2 3 4 5 6 7 6 7 10 
Number of Outputs Switching f- Frequency — MHz 


Figure 11 Figure 12 
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е Second-Generation PLD Architecture J OP VD: 
е High-Performance Operation: 
fmax (External ЕведВаск)... 40 MHz 


Propagation Delay... 15 ns Мах 


* Increased Logic Power - Up to 22 Inputs 
and 10 Outputs 


е increased Product Terms - Average of 12 
per Output 


* Variable Product Term Distribution 
Aliows More Complex Functions to Be 
Implemented 





е Each Output Is User Programmable for 
Registered or Combinational Operation, 


Polarity, and Output Enable Control FN PACKAGE 
(TOP VIEW) 
* Power-Up Clear on Registered Outputs 


е TTL-Level Preload for Improved Testability 


е Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


* Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


@ AC and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


е Dependable Texas Instruments Quality and 
Reliability 





; : NC — No internal connection 
* Package Options Include Plastic Pin assignments in operating mode 


Dual-In-Line and Chip Carrier Packages 


description 


The TIBPAL22V10-15BC is a programmable array logic device featuring high speed and functional equivalency 
when compared to presently available devices. They are implemented with the familiar sum-of-products 
(AND-OR) logic structure featuring the new concept "Programmable Output Logic Масгосе!”. These 
IMPACT-X"* circuits combine the latest Advanced Low-Power Schottky technology with proven titanium- 
tungsten fuses to provide reliable, high-performance substitutes for conventional TTL logic. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming їе architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabled through the use of individual product terms. 


Further advantages can be seen in the introduction of variable productterm distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


This device is covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 





Products conform to specifications per the terms of Texas Instruments 
standard warranty. Production 


PRODUCTION DATA Information is current as of publication dete Copyright © 1990, Texas Instruments Incorporated 
итал. processing does not necessarily include 
testing of all perometers. 
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description (continued) 


Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset productterm. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic O. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V10-15BC offers quick design and development of custom LSI functions with complexities of 500 to 
800 equivalent gates. Since each of the ten output pins may be individually configured as inputs on either a 
temporary or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 
10 outputs are possible. 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power ир with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V10-15BC is characterized for operation from 0°С to 75°C. 
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functional block diagram (positive logic) 


џо/а 


моа 
уоа 
о/а 
о/а 
уоа 
vo/Q 


тоа 





тоа 


уога 





^X, denotes fused inputs 
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Asynchronous Reset 


(to ай registers) 


g е g g с 
о o o o o 
= = = = = 
о 
N 


Incrementa 





logic symbol (positive logic) 
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(to all registers) 


Synchronous Set 





























878 ТЕ iTi i^i Š 


€ к о е o 
- 


а 
First fuse number + Increment 
Inside each MACROCELL the "P" fuse is the polarity fuse and the "R" fuse is the register fuse. 


Fuse number 
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output logic macrocell diagram 





AR = asynchronous reset 
SS - synchronous set 
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REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT VO FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
| $1 S | FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 

Active high 
Active low 
Active high 



















Register feedback Registered 
VO feedback 
VO feedback 
0 = unblown fuse, 1 = blown fuse 
51 and SO are select-function fuses as shown in the output logic macrocell 
diagram. 


Combinational 





Combinational 





Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (uniess otherwise noted) 


Supply voltage, Voc (see Note 1) .......................................................... .. ТМ 
Input voltage (see Note 1) .................................................................. 5.5V 
Voltage applied to disabled output (see Note 1) .............................................. 5.5V 
Operating free-air temperature range ................................................... O*C to 75°C 
Storage temperature range ...................................................... —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


Supply voltage 4.75 5 5.25 
















[Synchronous Preset ве [| 5 | 
[Asynchronous Reset (nac 8 | 
ПЕР | 





Усс 
Гиннес ЕЖЕЙ 
ВНЕ D DI Sa Se єє 
Е зэ 
Li с инни 1 22222 8 027927 ВЕ 

Asynchronous Reset high or low | 15 | 

tsu Setup time before clock? ЕЯ 

| ons | 
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electrical characteristics over recommended operating free-air temperature range 


UNIT 
Усс = 475 V, || - 18 mA V 


BEN 
oo -475V, он“ -а2 mA 1—5 


Мсс = 475 V, lo, = 16 тА 0.35 0.5 


Сок т TM Үсік-2У 


Switching characteristics over recommended ranges of supply voltage and operating free-alr 
temperature (unless otherwise noted) 


| пошт | | өЙе | төөнө — | wx mei өнө, 
ЕН" | Еметайеей | 3 o [№ | 
[шр == чо; =] ERN: SCR] 

Гын | а] Rt = 3000, 

ee a пе саст R2 - 9900, 

E Ups [e ek = бөө Figure 4 
10 6820) 


ТА typical values are at Усс = 5 V, TA = 25°С. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Мо В set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 

1 


leu + tog (CLK to Q) ` 








S fmax (with feedback) = 
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preload procedure for registered outputs (see Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without havingto step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Усс at 5 V and pin 1 at Ми, raise pin 13 to Мнн. 

Step 2. Apply either Vj or Мн to the output corresponding to the register to be preloaded. 

Step 3. Pulse pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower pin 13 ЮМ. Preload сап be verified by observing the voltage level 


at the output pin. 


| 
| 

Ll tsu 0) le— tq | Уа 
| 


Ріп 1 


1 
| | 
| ДР МН | Мон 
— а) = 


——- VIL VoL 





Figure 2. Preload Waveforms 


NOTES: 2. Pin numbers shown аге for the NT package only. If chip-carrier socket adapter is not used, pin numbers must be changed accordingly. 


2-360 


3. ta = toy = ty = 100 ns to 1000 ns. Мнн = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, a low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


Усс 
Active High 
Registered Output 


Active Low 
Registered Output 





CLK 1.5 У 1.5 V 


4---- ма 
| bx | 


T This is the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
t This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest ТІ field sales office, local authorized ТІ 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 













1 
81 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
3.5У --- 35V 
p 15V M 15V 15V 
4 — — — — — 0.3 V | | 0.3 V 
кы Е 3.5 V сте 
пша "де Y 15V | | з5у 
Input : | Low-Level 15V 15V 
0.3 V Pulse 
(see Note B) ---- озу 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
3.5 У 
ошрш 
Control 
(low-level 
enabling) 48 ----0з3у 
ten >» є | (see Note B) 
| | tas fe 
| oe "i = мазу 
Waveform 1 \ 15V 2 VoL +0.5 V 
81 Closed | | _ 
(see Note C) — ж — VoL 
| Misc № 
ten > = га 
Wavetorm 2 кат Мон 
81 Ореп 
VOLTAGE WAVEFORMS Vou -0.5 V 
PROPAGATION DELAY TIMES (see Note С) 


NOTES: 





=0V 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


. CL includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tdis- 
. All input pulses have the following characteristics: PRR < 1 MHz, tr = tf = 2 ns, duty cycle = 50%. 
. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 


is for an output with internal conditions such that the output is high except when disabled by the output control. 


. Equivalent loads may be used for testing. 


. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 


Figure 4. Load Circuit and Voltage Waveforms 
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lec - Supply Current - mA 


Ері -Propagatlon Delay – ns 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 





£ 
! ree: 
Ej Чин (i, VO to O, UO) 
ё г тты 
Е 
3 ши 
H tPLH (CLK to Q) 
Е “--------- 
3 
TA - Free-Air Temperature — °С Усс - Supply Voltage - V 
Figure 5 Figure 6 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs 
vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 


L (CLK to Q) 


{ра -Propagatlon Delay - ns 


R1 = 300 0 
R2 =390 0 





9 100 200 300 400 500 600 
TA —Free-Alr Temperature — “С 01 - Load Capacitance - pF 


Figure 7 Figure 8 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
vs PROPAGATION DELAY TIME 
FREQUENCY vs 
10-BIT COUNTER MODE NUMBER OF OUTOUTS SWITCHING 


tpLH (l, VO to O, VO) 
V 
ні (CLK to Q) 


I 
Wy 


EXT ККЕ 


ЖД 
й 


Pp -Ромег Dissipation - mW 
нк 85:25 221 
tpd -РгорадаЧоп Delay Time - ns 





1 2 3 4 5 в 7 8 9 10 
Е- Ва аа Erw Number of Outputs Switching 


Figure 9 Figure 10 
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JT PACKAGE 


е Second-Generation PLD Architecture (TOP VIEW) 
е High-Performance Operation: 
fmax (External Feedback) . . . 33.3 MHz 


Propagation Delay .. . 20 ns Мах 


е increased Logic Power — Up to 22 Inputs 
and 10 Outputs 


е Increased Product Terms - Average of 12 
per Output 


* Variable Product Term Distribution 
Allows More Compiex Functions to Be 
implemented 


е Each Output Is User Programmable for 
Registered or Combinational Operation, 
Polarity, and Output Enable Control 


е Power-Up Clear on Registered Outputs 
е TTL-Levei Preload for Improved Testability 


* Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


9 Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


е АС and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


® Dependable Texas Instruments Quality and 
Reliability 





у ` NC — No intemal connection 
е Package Options Include Plastic Pin assignments in operating mode 


Dual-In-Line and Chip Carrier Packages 


description 


The TIBPAL22V10-20M is a programmable array logic device featuring high speed and functional equivalency 
when compared to presently available devices. They are implemented with the familiar sum-of-products 
(AND-OR) logic structure featuring the new concept "Programmable Output Logic Масгосе!”. These 
IMPACT-X™ circuits combine the latest Advanced Low-Power Schottky technology with proven titanium- 
tungsten fuses to provide reliable, high-performance substitutes for conventional TTL logic. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting as shown in the output logic macrocell diagram. The ten potential outputs are 
enabled through the use of individual product terms. 


Further advantages can beseen in the introduction of variable productterm distribution. Thistechnique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 


This device is covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas instruments Incorporated. 





PRODUCTION DATA information ie current #8 of lication dete. 


Products conform © есле бога per the ams ot m Insturen 49 Copyright © 1992, Texas Instruments Incorporated 
testing otal parameters. ^ Saeed М ТЕХА5 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 2-365 





TIBPAL22V10-20M 
HIGH-PERFORMANCE /МРАСТ-Х "н PROGRAMMABLE ARRAY LOGIC CIRCUITS 


5ҢР5012А- 03523, JUNE 1990 - REVISED MARCH 1992 


description (continued) 


Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset product term. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends on 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22V10-20M offers quick design and development of custom LSI functions with complexities of 500 to 
800 equivalent gates. Since each of the ten output pins may be individually configured as inputs on either a 
temporary or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 
10 outputs are possible. 


А power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power up with their outputs high. Registered 
outputs selected as active-high power up with their outputs low. 


A single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V10-20M is characterized for operation over the full military temperature range of -55*C to 125°C. 
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functional block diagram (positive logic) 


р vo/Q 
š гога 
8 /ша 
É иога 
8 тоа 
В ша 
Ё уо 
k VO/Q 

тоа 

/ша 





С; denotes fused inputs 
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logic symbol (positive logic) 
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ЗЕ 
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First fuse number + Increment 
Inside each MACROCELL the "P" fuse is the polarity fuse and the "R" fuse is the register fuse. 


i go gos i^i gang RARD 


Fuse number 
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output logic macrocell diagram 


Output Logle Macrocell 





AR = asynchronous reset 
SS = synchronous set 
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REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT VO FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
| s! S | FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 


Register feedback Registered Active high 
/О feedback Combinational | Active low 
МО feedback Combinational | Active high 





0 = unblown fuse, 1 = blown fuse 
51 and 50 are select-function fuses as shown in the output logic macrocell 
diagram. 


Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 1) ......... "Lr ТТГ 7V 
Input voltage (see Note 1) ................... РЯ а eee O suey eo rs 5.5 V 
Voltage applied to disabled output (see Note 1) ............................................... 5.5V 
Operating free-air temperature range ............................................... —55°С to 125°C 
Storage temperature range ................................................2....2... —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 

48 5 5 
VI High-level input voltage 
V 


| High-level output current 
1 Low-level output current 


се 
IH і i [55 
IL Low-level input voltage r од! 
он 
oL 
| Clock high or low Во E 

iw Pulse duráton Asynchronous Reset high or low | 20 | 


[mu 1 Е 
Feedback 
t ие | Feedback | 
Ын цал цанын Synchronous Preset (active) | 
Asynchronous Reset (inactive) 20 
th Hold time, input, set, or feedback after clockT 
TA Operating free-air temperature -55 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN ТҮРТ МАХ | UNIT 
Voo ASN, | -ТВ mA 









Мон Усс = 4.5 V, јон = -2 тА 
Мос 245 V, JOL- 12 mA 


Усс = 55 V, Vo = 2.7 V 


-55V 
Vi-27V 


М = 0.4 V 













Voc = 5.5 V, 
Усс = 5.5 V, 


Voc = 5.5 V, 














Voc = 5.5 V, V| = GND, 
t= L MHz, м-2У 
Se и 
| бак... | 1-1МН, Е | 
T All typical values are at Voc = 5 V, ТА = 25°C. 


t Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


Outputs open 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) ТЕРТ CONDINSN — 8. 


External feedback 
— — wo | © R1 = 390 9, 


Гы өвөө | | R2 = 7600, 
БЭЭ NEC: C SER IRE TOES Seo Figure 4 
Сме Гоё То | 

обр ЗИРЕ 
зи + tpa(CLK to а) 





5 fmax (with feedback) = Verification of tg, and (СІК to Q) may be used to verify expected performance. 
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preload procedure for registered outputs (see Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Усс at 5 V and pin 1 at М, raise ріп 13 to Мин, 


Step 2. Apply either Мү or Мн to the output corresponding to the register to be preloaded. 
Step 3. Pulse pin 1, clocking in preload data. 


Step 4. Remove output voltage, then lower pin 13 to Му. Preload can be verified by observing the voltage level 
at the output pin. 


Pin 1 


| | 
| ТР VIH | Мон 
— Се 3 = 


--- VL VoL 





Figure 2. Preload Waveforms 


NOTES: 2. Pin numbers shown аге for the JT package only. If chip-carrier socket adapter is not used, pin numbers must be changed accordingly. 
3. 14-15, = ty = 100 ns to 1000 ns. Мнн = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, а low-to-high clock transition must not occur until all applicable input and 





feedback setup times are met. 
Voc DEN Ga C БУ 
| 
детрит ысы 
| (600 ns typ, 1000 ns МАХ) | 
Active High 
Registered Output 
Active Low 
Registered Output 
| 
ю- 
! 1 Мн 
CLK 15V 15V 
== s LS eie Mi 
| Y | 


T This в the power-up reset time and applíes to registered outputs only. The values shown are from characterization data. 
+ This в the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest ТІ field sales office, local authorized ТІ 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 


5v 


3 


81 
R1 


From Output Test 
Under Test Point 


а R2 
(see Note A) 


LOAD CIRCUIT FOR 





3-ЗТАТЕ OUTPUTS 
3v ---- зу 
Timi High-Level 
Input 1.5V Ян дэн 15V 15V 
A eee 0 | | 0 
ы-м- ЭГЧ кыы» 
| d——- зм 
Data ТЕДІ 184 | | 3v 
Input ; 2 а 15V 15V 
(see Note B) ---0 шал 
вее te 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS ( ) 
SETUP AND HOLD TIMES PULSE DURATIONS 
SS == зу 
Input 1.5V 15V Output 
| Ї 0 Control 
(low-level 
tpa —¢—>| ама ipd enabling) 
In-Phase 
Output 
я» ра Waveform 1 
Фа - >» | $1 Closed 
| | Мон (see Note С) 
Out-of-Phase 15V 15V 
Output је 
(see Note D) — — — VOL A+__ VoH 
Waveform 2 | ЕА 
VOLTAGE WAVEFORMS ( но 45V E Мон -0.5 V 
PROPAGATIONDELAYTIMES o / 2, “ОМ 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. Сі includes probe and jig capacitance and із 50 pF for tog and ten, 5 pF for tyig. 
B. All input pulses have the following characteristics: РАЯ s 10 MHz, tr and tí = 2 ns, duty cycle = 50%. 
C. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with intemal conditions such that the output is high except when disabled by the output control. 
D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 
E. Equivalent loads may be used for testing. 


Figure 4. Load Circuit and Voltage Waveforms 
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TYPICAL CHARACTERISTICS 
SUPPLY CURRENT PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE SUPPLY VOLTAGE 
a ix^ в 
—— £ 
па у 5 
ОГТ š 
L. 4 8 
Усс 25V Ё 
= 1 
Усс = 4.75 V а 
а 
00 
-75 50 -25 0 25 50 75 100 125 4.5 4.75 5 5.25 5.5 
ТА ~ Free-Alr Temperature — °C Усс — Supply Voltage - V 
Figure 5 Figure 6 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 
Ё 
— : нв 
ЕЕ ірін (l, VO to O, VO) = 8 E 
ре Ра Š P 
Палас Е 
т 
== 8. 
Щи 2 
а 
Voc < 5 V ! 
CABRA 
82 = 390 Q - В2 = 390 Q 
CL = 50 pF Сі = 50 pF 
10 Outputs Switching 
0 
-18 -50 -25 0 25 50 75 100 125 шо :2007,.:300.. 7400. 300 860% 
TA —Free—Alr Temperature - °С CL - Load Capacitance — pF 
Figure 7 Figure 8 
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TYPICAL CHARACTERISTICS 
POWER DISSIPATION 
vs PROPAGATION DELAY TIME 
FREQUENCY vs 
10-BIT COUNTER MODE NUMBER OF OUTOUTS SWITCHING 
Р1 = 300 0 
82 = 390 0 А 

е CL = 50 pF ë ірін (1, VO to O, vo) 

Е 1 {РНЕ (CLK to Q) 

: Ë 

2 

8 o ° tPLH (CLK to Q) 

a £ 

5 š 

z е 

š & 

e Ё з 
3 

10 зо 50 70 100 1 2 3 4 5 6 7 8 9 10 
F - Frequency — MHz Number of Outputs Switching 
Figure 9 Figure 10 
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C SUFFIX . .. NT PACKAGE 
M SUFFIX... JT PACKAGE 


(TOP VIEW) 


* Functionally Equivalent to the 
TIBPAL22V10/10A, with Additional 
Feedback Paths in the Output Logic 
Macrocell 


* Choice of Operating Speeds: 
TIBPAL22VP10-20C . . . 20 ns Max 
TIBPAL22VP10-25M ... 25 ns Мах 


* Variable Product Term Distribution 
Allows More Complex Functions to Be 
Implemented 


е Each Output Is User Programmable for 
Registered or Combinational Operation, 
Polarity, and Output Enable Control 


е TTL-Level Preload for Improved Testability 





* Extra Terms Provide Logical Synchronous C SUFFIX .. . FN PACKAGE 
Set and Asynchronous Reset Capability M SUFFIX... FK PACKAGE 
(TOP VIEW) 


* Fast Programming, High Programming 
Yield, and Unsurpassed Reliability Ensured 
Using Ti-W Fuses 


• АС and DC Testing Done at the Factory 
Utilizing Special Designed-In Test Features 


е Dependable Texas Instruments Quality and 
Reliability 


* Package Options include Plastic 
Dual-In-Line and Chip Carrier Packages 


description 


The TIBPAL22VP10' is equivalent to the 
TIBPAL22V10A but offers additional flexibility in NC — No internal connection 

the output structure. The improved output Pin assignments in operating mode 
macrocell uses the registered outputs as inputs 

when in а high-impedance condition. This 

provides two additional output configurations for a 

total of six possible macrocell configurations all of 

which are shown in Figure 1. 


These devices contain up to 22 inputs and 10 outputs. They incorporate the unique capability of defining and 
programming the architecture of each output on an individual basis. Outputs may be registered or nonregistered 
and inverting or noninverting. In addition, the data may be fed back into the array from either the register or the 
МО port. The ten potential outputs are enabled through the use of individual product terms. 


Further advantages can be seen in the introduction of variable product term distribution. This technique allocates 
from 8 to 16 logical product terms to each output for an average of 12 product terms per output. This variable 
allocation of terms allows far more complex functions to be implemented than in previously available devices. 





These devices are covered by U.S. Patent 4,410,987. 
IMPACT-X is a trademark of Texas Instruments Incorporated. 





‘terme of Texas Instruments 
standard warrenty. processing does not necessarily 


PRODUCTION DATA Information is current ae of publication date, j 
Products conform to per e publ » Copyright © 1991, Texas Instruments Incorporated 
include testing of all parameters. 
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description (continued) 


Circuit design is enhanced by the addition of a synchronous set and an asynchronous reset productterm. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers are loaded with a logic 0. The output logic level after set or reset depends оп 
the polarity selected during programming. Output registers can be preloaded to any desired state during testing. 
Preloading permits full logical verification during product testing. 


With features such as programmable output logic macrocells and variable product term distribution, the 
TIBPAL22VP10' offers quick design and development of custom LSI functions with complexities of 500 to 800 
equivalent gates. Since each oftheten output pins may be individually configured as inputs on either atemporary 
or permanent basis, functions requiring up to 21 inputs and a single output or down to 12 inputs and 10 outputs 
are possible. 


A power-up clear function is supplied that forces all registered outputs to a predetermined state after power is 
applied to the device. Registered outputs selected as active-low power-up with their outputs high. Registered 
outputs selected as active-high power-up with their outputs low. 


А single security fuse is provided on each device to discourage unauthorized copying of fuse patterns. Once 
blown, the verification circuitry is disabled and all other fuses will appear to be open. 


The TIBPAL22V10-20C is characterized for operation from 0°С to 75°C. The TIBPAL22V10-25M is 
characterized for operation over the full military temperature range of —55*C to 125°C. 
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functional block diagram (positive logic) 













sss 
| Re | — | 


ве 8 
B Macrocell Ж Е | 


/ша 





ша 





CLKI 
оа 





1 4 
га 


VO/Q 


= 





ио/а 





уоа 


ер 
21 


юга 


уоа 


; j 
21 


Vo/Q 


28 


уоа 


t 





Сі) denotes fused Inputs 
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5 

88 
2$ 
| 
že 





ce- 


logic symbol (positive logic) 
First 
Fuse 
Numbers 
1 
l 
I 
I 
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(to all registers) 


Synchronous Set 











First fuse number + Increment 





Inside each MACROCELL the "P" fuse is the polarity fuse and the "R" fuse is the register fuse. 


1 
I 
1 
1 
1 
! 
Fuse number 
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output logic macrocell diagram 






| 
| 
| 
| 
= = | 
АВ = asynchronous reset | 
S8 - synchronous set J 


T This fuse is unique to the Texas Instruments TIBPAL22VP10'. It allows feedback from ће МО port using registered outputs as shown in the 
macrocell fusing logic function table. 





rm 
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REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





VO FEEDBACK, REGISTERED, ACTIVE-LOW outputt VO FEEDBACK, REGISTERED, ACTIVE-HIGH outputt 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT VO FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 
T These configurations are unique to the TIBPAL22VP10' and provide added flexibility when comparing it to the TIBPAL22V 10 or TIBPAL22V10A, 


Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
82 81 50 FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 
Register feedback Registered Active high 


ИО feedback Registered Active low 
VO feedback Registered Active high 
VO feedback Combinational | Active low 
МО feedback Combinational | Active high 


0 = unblown fuse, 1 = blown fuse, X = unblown or blown fuse 
$2, 81 and S0 are select-function fuses as shown in the output logic macrocell diagram. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 





Supply voltage, Усс (see Note 1) ...................................................2.2224.. .. . ТМ 
Input voltage (see Note 1) ........ SO NATAS ана ЖЭ? и ри ee 55V 
Voltage applied to disabled output (see Note 1) ............................................. 5.5 М 
Operating free-air temperature range: TIBPAL22VP10-20C .............................. 0°C to 75°C 

TIBPAL22VP10-25M .......................... -55°C to 125°C 
Storage temperature range ................................................. eee —65°С to 150°C 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


Усс Suppy wolage 4755 525] as 5 55 V | 
























Vig High-level input village 
Vii Lowievelinpul voltage ОС J 
lon — High leve ouput curent ыга 2222-2208: 
lo Lowievel output curent |a eec эн 
flock  Cecklrequency l s| a) 
"goes Cdkhighorkw __ pacc 

Asynohronevs Нез бою | 81 
Feedback Е eel 
ЕСІ и 
И Synonronous Prestan | | 
Asynchronous Reset (inactive) | 20 | 


th____Hold ime, input, preset, or feedback ater clock? з з I 

TA Operating free-air temperature 0—6 ПЕ € 1 
1 

tsu + tod (CLK to Q) 


1 
tw high + tw low | 


T telock (with feedback) = , fclock without feedback can be calculated аз 


folock (without feedback) = 
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electrical characteristics over recommended operating free-air temperature range 


MIN ТҮР! МАХ 
VIK 
VOH 
VOL 









ik | Vvoc=475v, | =—18тА ПНЕ 
Мн || Vgez475V loH = -3.2 mA | 94. 28822211 
IL | Усс-475у, loL- 16 тА [035 05 
Пон | Vco-525V Уо-27У 01| 


V 
V 
| Any output | 
Any output 
| = = 0. 
А 
А 


Eum 

aa 
Mie 40055259: . 2. "VieB5V . — 22-10 

т 

m 










mooo u АРГ ПИВА 
ELJNIN 
[iost | voc-525V ^ Vo-05V —— ^ o ü => -9) па | 
ІСС Voc = 5.25 V, VI = GND, Outputs open 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


Сі = 50 pF, 


R1 = 300 0, 
R2 = 3900, 
Зее Figure 4 





T All typical values are at Voc = 5 V, TA = 25°C. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Мо is setat 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


i Клеа ==. 
5 {тах (with feedback) = во bg (LK p d 


1 
tw high + tw low ` 


fmax Without feedback can be calculated as 


fmax (without feedback) = 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITIONS MIN ТҮРІ МАХ | UNIT 
Voc 2457, 15-18 тА 
Voo=45¥, Юн = -2 mA [ 24 38 | | 
VoL Voc = 4.5 V, loL = 12 тА 0.25 05 


он | Усо-55\, Vo -27У 


























pec //55У 

i — [ оству, у/-27У 
О па | 
jos | Voo-55V. — Vo-05V _______ -39 _____--0| па | 
Усс = 5.5 V, VJ = GND, Outputs open 140 200 








switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 





























[e curs er наиве Ва OL = S0 pF, 
ы [Моше | S | RI = 3900, 
n ү о ү = R2 = 7600, 
ert oO | бөө Figure 4 


по,а 


Тар typical values are at Усс = 5 V, ТА = 25°С. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 


2 1 
S fmax (with feedback) = во p 090079): 


1 
tw high + tw low ` 


fmax without feedback can be calculated as 


тах (without feedback) = 
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preload procedure for registered outputs (see Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. Each register is preloaded individually 
by following the steps given below: 


Step 1. With Усс at 5 V and pin 1 at Ми, raise pin 13 to Ман. 

Step 2. Apply either Уп. or Мн to the output corresponding to the register to be preloaded. 

Step 3. Pulse pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower pin 13 to Му. Preload can be verified by observing the voltage level 
at the output pin. 


Pin 1 





| ! 
| 177 МІН | Мон 
— Се) = 
— VIL VoL 


Figure 2. Preload Waveforms 


NOTES: 2. Pin numbers shown are for JT and NT packages only. If chip-carrier socket adapter is not used, pin numbers must be changed 
accordingly. 
3. tg = tau = tw = 100 ns to 1000 пз. Мин = 10.25 V to 10.75 V. 
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power-up reset 


Following power up, all registers are reset to zero. The output level depends on the polarity selected during 
programming. This feature provides extra flexibility to the system designer and is especially valuable in 
simplifying state-machine initialization. To ensure a valid power-up reset, it is important that the rise of Voc be 
monotonic. Following power-up reset, а low-to-high clock transition must not occur until all applicable input and 
feedback setup times are met. 


‚ ЖЕШ ee 5У 
| 
Зоо 20 


| (600 ns typ, 1000 ns МАХ) | 


= Уон 
Active High 
| 


VoL 
| 
Active Low Vou 
Regletered Output State Unknown 1.5V 
И хета е VoL 
КЄ teu t A 
| | Vin 
CLK 1.5 V 1.6 V 
жан ініні чү 
| ы | 


T This в the power-up reset time and applies to registered outputs only. The values shown are from characterization data. 
+ This is the setup time for input or feedback. 


Figure 3. Power-Up Reset Waveforms 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


When the additional fuses are not being used, the TIBPAL22VP10 can Бе programmed using the 
TIBPAL22V10/10A programming algorithm. The fuse configuration data can either be from a JEDEC file (format 
per JEDEC Standard No. 3-A) or a TIBPAL22V10/10A master. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments а! (214) 997-5666. 





2-390 


% 


ТЕХА5 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 





TIBPAL22VP10-20C, TIBPAL22VP10-25M 
HIGH-PERFORMANCE /МРАСТ-Х тм PROGRAMMABLE ARRAY LOGIC CIRCUITS 
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PARAMETER MEASUREMENT INFORMATION 





1 
$1 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
——- (35М)|8М| 
Timing (85 V) [3V] мөге 15V 15V 
15V 
Input . | | (0.3 V) [0] 
1----- (0.3 V) [0] -,-- 
teu —PH- th | | 
| ——- езмвм 85901391 
Шы Две Хон а uv o 
(0.3 V) [0] ------ (0.3 V) (0) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output (3.5 V) [3 V] 
----- {3.5 М) [3 V] Control 15V 
Input 15V 15V (low-level Л 
| (0.3 V) [0] enabling) — — — — (0.3 М) [0] 





| | Уон 
Out-of-Phase 
Output 15V 15v 
(see Note D) — — — VoL 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


| 
n | 
ыг м + 
| 
| 


ук i 233V 
Waveform 1 45V 
81 Closed Ñ | I ___ 01 95У 
(see Note B) 


— ж — VoL 
| s> Ж 
2 tal 






| 
Waveform 2 -4—- Мон 
81 Ореп 
(see Note B) Мон -0.5 V 


zov 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. СІ includes probe and jig capacitance and в 50 pF for tog and ten, 5 pF for tdis- 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
C. All input pulses have the following characteristics: For C suffix, use the voltage levels indicated in parentheses ( ). PRR < 1 MHz, 
tr = tt < 2 ns, duty cycle = 50%. For M suffix, use the voltage levels indicated in brackets | |, РАЯ < 10 MHz, tr and tr < 2 ns, 


duty cycle = 50%. 


D. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 


E. Equivalent loads may be used for testing. 


Figure 4. Load Circuit and Voltage Waveforms 
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JT OR NT PACKAGE 


9 58-МНг Max Clock Rate (TOP VIEW) 


* Two Transition Complement Array Terms 
е 16-Bit Internal State Registers 
е 8-Ви Output Registers 


* Outputs Programmable for Registered or 
Combinational Operation 


е ideal for Waveform Generation and 
High-Performance State Machine 
Applications 


* Programmable Output Enable 





* Programmable Clock Polarity 
FK OR FN PACKAGE 
description (TOP VIEW) 


The ТЇВР! 5506АС is a TTL field-programmable 
state machine of the Mealy type. This state 
machine (logic sequencer) contains 97 product 
terms (AND terms) and 48 sum terms (OR terms). 
The productand sum terms are usedto control the 
16-bit internal state registers and the 8-bit output 
registers. 


The outputs of the internal state registers 
(РО-Р15) are fed back and combined with the 13 
inputs (10—112) to form the AND array. In addition, 
two sum terms are complemented and fed back to 
the AND array, which allows any product term to 
be summed, complemented, and used as input to 
the AND array. NC — No internal connection 


The eight output cells can be individually 
programmed for registered or combinational 
operation. Nonregistered operation is selected by 
blowing the output multiplexer fuse. Registered 
output operation is selected by leaving the output 
multiplexer fuse intact. 





Pin 17 can be programmed to function as an input and/or an output enable. Blowing the output enable fuse lets 
pin 17 function as an output enable but does not disconnect pin 17 from the input array. When the output enable 
fuse is intact, pin 17 functions only as an input with the outputs being permanently enabled. 


The state and output registers are synchronously clocked by the fuse programmable clock input. The clock 
polarity fuse selects either postive- or negative-edge triggering. Negative-edge triggering is selected by blowing 
the clock polarity fuse. Leaving this fuse intact selects positive-edge triggering. After power-up, the device must 
be initialized to the desired state. When the output multiplexer fuse is left intact, registered operation is selected. 


The ТІВРІ 5506АС is characterized for operation from 0°C to 75°C. 
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Each 3-В Flip-Flop 
Each Multiplexer 





DETAIL: 


= Гын 
– Зара ни МАПИ ЧИНИЙ 









© L 
`> 
9 ove 
Ф ош 
> 
= РР 
Z À ° А АНА || 
а 5 8АХААААААЛАЛААА 4 8 8 F 9 = 8 8 3 8 8 
- г сфө| | ю|ю|-18| RR SSS шпм шә 
Е е-счотиюон-оюоот заема 
Е х  гевохаеквавеш —D 
5 ° 8 
5 £ 
о 
2 
о 
9 





TEXAS 
INSTRUMENTS 


2-394 POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 














TIBPLS506AC 


13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER 


SRPS003B – 03090, DECEMBER 1987 — REVISED JUNE 1991 


"ejes 0-ојбој ещ әшпѕѕв yul имоја e цим sindu! eje но у 
*ejejs |-0160] eu) әшпѕѕе хин uMojq е ім зюхещиш pue ‘ѕәјеб но-амепјохе 'вејеб аму о пи! цу 


62901 





өжрж- 218 а АЈА АВА АВАРА ШИНИ ШТ ШИН 
ra ИШИП 
ШИШ ААА ААА 

|| ШИ ШИН АЊА. 
ІЛІШІГІШІГІШІГІШІГІШІГІШІГІШІГІШІГІШІГІШІ 
IIIIOIZIIITIIXIƏITIIIAIIIIIIIIIIIIIIII 
ІЛІШІГІШІГІШІГІШІНІШІГІШІГІШІГІШІГІШІГІШІ 

А А О А АВА АДА ОЦА ОЦА 
ІНШІГШІГІШІГІШІНІШІГІШІГІШІГІШІГІШІГІШІ 

А А АРА АЛА АВА 
ПМ 
ІШІНШГІШІГШІГШІГШГІШІГШГІШІГІШІ 
ІНІШІГЛІШІГІШІГІШІГІШІГІШІГІШІГІШІГІШІГІШІ 
АНА АИ ELE 
ШШШ ШШШ 

LATA URL ERU ии бин ни 
шиш ИШ ШИ ШИНИ 
еш 
Ех ӘЗПШІЛШІГІШІГІШІГІШІГІШІЛШІГЛІШІГЛІШІГІШІГІШІГІШІ 
l IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIOO2? IIUÇIIUIIIIƏIQIAIIIZIIIIII 
ПИ 





92 


звашпм шә] „но. 


ТЕХА5 % 
INSTRUMENTS 


POST OFFICE BOX 655303 € DALLAS, TEXAS 75265 


2-395 


TIBPLS506AC 
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER 


5НР5003В – 03090, DECEMBER 1987 — REVISED JUNE 1991 


S-R FUNCTION TABLE (see Note 1) 


CLK POLARITY FUSE | СК 8 STATE REGISTER 


R 
INTACT L 
INTACT H 
INTACT L 
H 
L 
H 
L 


INTACT 
BLOWN 
BLOWN 
BLOWN 
BLOWN H INDETERMINATE 


NOTE 1: Qo is the state of the S-R registers before the active clock edge. 





functional block diagram (positive logic) 


CLK 


10 - 111 
112/ОЕ 





^N. denotes fused inputs 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note2) ........................................................ .... 7V 
Input voltage (see Мое 2) ...... ОИЕ 5.5 V 
Voltage applied to disabled output (see Note 2). sibesaa mies ОСО "Tm PROPRE ӨМ. 
Operating free-air temperature range ..................... GR Mie V ов ГЕРИЙ ОРНА 0°С to 75°С 
Storage temperature range ....................................................... —65°С to 150°С 


NOTE 2: These ratings apply except when programming pins during а programming cycle or during diagnostic testing. 


recommended operating conditions 


Supply voltage 

High-level input voltage, Усс = 5.25 V 
Low-level input voltage, Мос - 4.75 V 
High-level output current 

Low-level output current 


Clock high 
Clock low 


Setup time before CLK Without C-array 
Gatti ag 
inp or feedback o S/R прие | Win Garay — L 28 | 
COMEET neater GIR [Input foocback вит | | 
ТА Operating free-air temperature 


T The active edge of CLK is determined by the programmed state of CLK polarity fuse. 
See the OR term loading section and Figure 3. 


electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN ТҮРӘ МАХ | UNIT | 
VIK 


Pulse duration 








остави ава огу | 
СТОИ ОЕ ОУН ПОЕТ ОЕ ЗОО СИ 
Hoz — Voc 5-25 __ Vo-zzVv — |) | 
loz, | мл | 
fy мее МУ [ nm] 
йн | Усо-5\. М-27У ој 
л | оству — uni м | 
o 525 мон] па | 
Усс = 5.25 V, Seo Note 3, Outputs open 156  210| mA | 
0-2 (аны ме OD T | 
Әс ш Wee арест ec can н] 
a на РУ ООО н 0 


S All typical values are at Voc = 5 V, ТА = 25°С. 

T This parameter approximates los. The condition Vo = 0.5 V takes tester noise into account. Not more than one output should be shorted ata 
time and duration of the short circuit should not exceed one second. 

NOTE 3: When the clock is programmed for negitive edge, then \/ = 4.75 V. When the clock is programmed for positive edge, then V = 0. 
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switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM то + 
PARAMETER (INPUT) (QUTPUT) TEST CONDITION MIN ТҮРІ MAX 


R1 = 3000, 


| Q tnonregistered — j| R2 = 390 0, 


T All typical values are at Vcc = 5 V, TA = 25°C. 
See the fmax calculations section. 





fmax Calculations 


The following is a brief description of how the different operating frequencies can be achieved when using the 
ТІВРІ 5506А. 

= 2 5 
tsu + tog CLK to Q 
register inputs = 12 ns and propagation delay time tpg GLK to Q for the internal S/R registers = 5ns (difference 
in tog from CLK and feedback, 25 to 20). 


1 1 
(12+5) ns 178 


fmax without C-(complementary) array = where setup time tsu before CLK at the S/R 





Thus: fmax for this condition = = 58MHz. 


il 
tsu * tod CLK toQ 


inputs = 25 ns and propagation delay time tpg CLK to Q for the internal S/R registers = 5 ns (difference in tog 
from CLK and feedback, 25 to 20) 


fmax With the C-array = where tg, setup time before CLK at the S/R register 


1 1 


Thus: f, for this condition = —— = 
так (25 + 5) ns 3015 





fmax external feedback without the С-аггау = where setup time ts, before CLK at the 


tsu + фа CLK to Q 
S/R register inputs = 12 ns and propagation delay time tod CLK to Q for the internal S/R registers = 10 ns 


1 1 


Thus: fmax for this condition = ——— — =-= 
(12 + 10) ns 22 ns 


= 45 MHz. 





1 
tsu + tod CLK to Q 


register inputs = 25 ns and propagation delay time tpg CLK to Q for the internal S/R registers = 10 ns. 


1 1 
(25 + 10) ns 35ns 
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= 28.5 MHz. 
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Dedicated Inputs 
IY tmin(2) Min Clock Period for This Path 


internal SRs 


Feedback Li 
tgu(a) to Internal 8 or R, прие 


Data Through C Array 


Чан) Min Clock Period 
or This Path 








%ш2) | to Internal 8 or R 
CLK Internal 


() ра) CLK Internal to Output Response 


О Фа) °r tpate) 


( ) зао) CLK to Q Pin 






2 
tsu(1) ! to Output S or R 
» 


СУ) Dedicated приз 
© output Pin 


() фай)! to Output Pin 


Figure 1. Timing Model 
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glossary — timing model 


брат) — 
бра(2) — 
Трака) — 


ра) — 


ас) 


tsu(1) — 
tsu(2) = 


tsu(a) 22 


tsu(b) 77 


tmin(1) — 
tmin(2) — 


Ímin(3) — 


tmin(c) — 


Maximum time interval from the time a signal edge is received at any input pin to the те any logically 
affected combinational output pin delivers a response. 


Maximum time interval from a positive edge on the clock input pin to data delivery on the output pin 
corresponding to any output SR register. 


Maximum time interval from the positive edge on the clock input pin to the response on any logically 
affected combinational configured output (at the pin), where data origin is any internal SR register. 


Maximum time interval from the time a signal edge is received at any input pin to the time any logically 
affected combinational output pin delivers a response, where data passes through a C-array once 
before reaching the affected output. 


Maximum time interval from the positive edge on the clock input pin to the response on any logically 
affected combinational configured output (at the pin), where data origin is any internal SR register 
and data passes once through a C-array before reaching an affected output. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data affects the $ or А line of any output SR register. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data affects the S or R line of any internal SR register. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data passes once through a C-array before reaching 
an affected S or R line on any internal SR register. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data passes once through a C-array before reaching 
an affected S or R line on any output SR register. 


Minimum clock period (or 1/[naximum frequency]) that the device will accommodate when using 
feedback from any internal SR register or counter bit to feed the S or R line of any output SR register. 


Minimum clock period (or 1/[maximum frequency]) that the device will accommodate when using 
feedback from any internal SR register to feed the S or R line of any internal SR register. 


Minimum clock period (or 1/[maximum frequency]) that the device will accommodate when using 
feedback from any internal SR register to feed the S or R line of any internal SR register and data 
passes once through a C-array before reaching an affected S or R line on any internal SR register. 


Minimum clock period (or 1/[maximum frequency]) that the device will accommodate when using 
feedback from any internal SH register to feed the S or R line of any output SR register and data 
passes once through a C-array before reaching an affected S or R line on any output SR register. 
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PARAMETER VALUES FOR TIMING MODEL 


рап) = 20 пз Зи(1) = 12 пә! tmin(1) = 20 пз 
tpa(2) = 10 ns що) = 12 nst tmin(2) = 20 ns 
ipd(3) = 25 ns tau(a) = 25 ns tmin(3) = 25 ns 

lsu(p) = 25 ns tmin(c) = 25 ns 


INTERNAL NODE NUMBERS 


Q0-Q7 RESET 25-32 РО-Р15 5ЕТ 33-48 
co 65 RESET 49-64 
с 66 


T Use tsu = 20 ns for applications where the setup time for S/R4 inputs are required. 


diagnostics 
А diagnostic mode is provided with these devices that allows the user to inspect the contents of the state 
registers. The step-by-step procedures required to use the diagnostics follow. 


Step 1. Disable all outputs by taking ріп 17 (OE) high (see Note 4). 
Step2. Take pin 8 (00) to Мин to enable the diagnostics test sequence. 
Step 3. Apply appropriate levels of voltage to pins 11 (Q3), 13 (Q4), and 14 (Q5) to select the desired 
state register (see Table 1). 
The voltage level monitored on pin 9 will indicate the state of the selected state register. 


NOTE 4: If pin 17 is being used as an input to the array, then рт 7 (15) must be taken to Мнн before ріп 17 is taken high. 


ViHHÍ 


Pin 7 


Pin17 


Q0 
Pin 8 





MYM `" 


МНН = 10.25 V min, 10.5 V nom, 10.75 V тах 


Figure 2. Diagnostics Waveforms 
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programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 


Table 1. Addressing State Registers 
During Diagnostics 


BURIED REGISTER 
SELECTED 


REGISTER BINARY ADDRESS 


PIN 11 РЇМ13 РМ 14 












ЦООГ ее ID ТОТ ДТ 0 Р гг 


т 


Түнн = 10.25 V min, 10.5 V nom, 10.75 V тах 


inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers that are capable of programming Texas 
Instruments programmable logic is also available, upon request, from the nearest TI sales office, local authorized 


TI distributor, or by calling Texas Instruments at (214) 997-5666. 
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OR term loading 


As shown in Figure 3 and by the fmax calculations, fmax is affected by the number of terms connected to each 
OR array line. Theoretically, {тах is calculated as: 

ї 2 1 

maX tsu + tpg CLKtoQ 


Since the setup time (input or feedback to S/R4) varies with the number of terms connected to each OR array 
line, (due to capacitance loading) fmaxwill also vary. Figure 3 illustrates the relationship between the number 
of terms connected per OR line and the setup time. 


Use Figure 3 to determine the worst-case setup time for a particular application. Identify the OR array line with 
the maximum number of terms connected. Count the number of terms and use the graph to determine the setup 





time. 
WORST-CASE SETUP TIME 
(Input or feedback to SAL) 
vs 
"OR" TERM LOAD 
20 
Усс = 4.75 У 
„5300 | | | 


tsu — Setup Time – ns 
л 


Maximum Number of OR Terms Connected 


Figure 3 
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fmax with external feedback 


The configuration shown is a typical state-machine design with feedback signals sent off-chip. This external 
feedback could go back to the device inputs or to a second device in a multi-chip state machine. The slowest 
path defining the clock period is the sum of the clock-to-output delay time and the setup time for the input or 
feedback signals (їл, + tod CLK to Q). 


1 


Thus: f with external feedback = ——————— ————— 
из: fmax with external fee ва Коа 


CLK 


Input 


Next Device 





"и a 


Figure 4 
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PARAMETER MEASUREMENT INFORMATION 


5У 
81 
R1 
From Output Test 
Under Test Point 
с R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-STATE OUTPUTS 
< — —- 35V 
35V High-Level 

Timing mem Pulse 15V 15V 

input у | | озу 
4----- озу 4--ы-” 
ы d ii 3.5 V | | 5V 
| 22222233 58) 3. 

а 15V 15V Low ieee 15V 15V 

0.3 V —— —— 03V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES PULSE DURATIONS 

Output 3.5 V 
Control 
(low-Jevel 


enabling) 


Waveform 1 
31 Closed 
(see Note B) 





ра —4—0 ма 








| | Уон 
Out-of-Phase | 
Output 15V 15V Waveform 2 +- VoH 
see Note D ---у 81 Ореп 
f ) ын (see Note B) Уон -0.5 V 
VOLTAGE WAVEFORMS =0 V 


PROPAGATION DELAY TIMES 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. C, includes probe and jig capacitance and is 50 pF for tpg and ten, 5 pF for tdis. 
B. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
. All input pulses have the following characteristics: PRR < 1 MHz, | = t( 2 ns, duty cycle = 50%. 
. When measuring propagation delay times of 3-state outputs, switch 51 is closed. 
. Equivalent loads may be used for testing. 


moo 


Figure 5. Load Circuit and Voltage Waveforms 
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и === 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


lec — Supply Current - mA 





TA - Free-Air Temperature — °С 


Figure 6 


POWER DISSIPATION 
vs 
FREQUENCY 


850 





Power Dissipation - mW 


780 =н 
700 
1 2 4 7 10 20 40 70 100 


f - Frequency - MHz 
Figure 7 





% 


ТЕХА5 
INSTRUMENTS 


2-406 POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 








TIBPLS506AC 
13 x 97 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER 


SRPSO003B – 03090, DECEMBER 1987 – REVISED JUNE 1991 


TYPICAL CHARACTERISTICS 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
SUPPLY VOLTAGE LOAD CAPACITANCE 


ні (Гог Feedback to О) 












— Ё 
haue рае а сне нец хат 
ірін (ог Feedback to Q) Це "== 
: j ЕЕ 
2 
3 3 ЖА VU Lan 
Е Е 8 
5 ЇРН( (1 ог Feedback to Q) 
š 
р с {РЕН ( or Feedback to Q) 
? Š tpLH (CLK to Q) 
а а tpHL (CLK to Q) 
0 100 200 300 400 500 600 
Vcc - Supply Voltage — V Сі – Load Capacitance - pF 
Figure 8 Figure 9 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE NUMBER OF OUTPUTS SWITCHING 
2 ІШ 
она 
{РНЕ (l or Feedback to Q) 16 
2 Б е ши 
I — 14 ірін (1 or Feedback to Q) 
% ірін (1 ог Feedback to Q) g БЕЗ 
Е Ee i 
m > 
3 T ШЫ Fn ова ЖЕ soe НЕ 
E Е 
o o 
š š 
| | 
Е Е 
CL = 50 pF 
9 1 2 3 4 5 6 7 8 
TA - Free-Alr Temperature - °С Number of Outputs Switching 
Figure 10 Figure 11 
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е 58-MHz Max Clock Rate т j нэ WE 


е Ideal for Waveform Generation and 
High-Performance State Machine 
Applications 


е 6-Bit Internal Binary Counter 
е 8-Bit Internal State Register 
* Programmable Clock Polarity 


* Outputs Programmable for Registered or 
Combinational Operation 


е 6-Bit Counter Simplifies Logic Equation 
Development in State Machine Designs 





* Programmable Output Enable FK OR FN PACKAGE 


(TOP VIEW) 
description 


The TIBPSG507AC isa 13x 80x 8 Programmable 
Sequence Generator (PSG) that offers the system 
designer unprecedented flexibility in а 
high-performance field-programmable logic 
device. Applications such as waveform 
generators, state machines, dividers, timers, and 
simple logic reduction are all possible with the 
PSG. By utilizing the built-in binary counter, the 
PSG is capable of generating complex timing 
controllers. The binary counter also simplifies 
logic equation development in state machine and 
waveform generator applications. 


The TIBPSG507AC contains 80 product (AND) NC - No internal connection 
terms, a 6-bit binary counter with control logic, 

eight S/R state holding registers, and eight 

outputs. The eight outputs can be individually 

programmed for either registered or 

combinational operation. The clock input is fuse 

programmable for either positive- or negative- 

edge operation. 





The 6-bit binary counter is controlled by a synchronous-clear and a count/hold function. Each control function 
has a nonregistered and registered option. When either SCLRO ог SCLR1 is taken high, the counter resets to 
zero on the next active clock edge. When either CNT/HLDO ог CNT/HLD1 is taken high, the counter is held at 
the present count and is not allowed to advance on the active clock edge. The SCLR function overrides the 
CNT/HLD feature when both lines are simultaneously high. 


Clock polarity is programmable through the clock polarity fuse. Leaving this fuse intact selects positive-edge 
triggering. Negative-edgetriggering is selected by blowing this fuse. Pin 17 functions as an input and/or an output 
enable. When the output enable fuse is intact, all outputs are always enabled allowing pin 17 to be used strictly 
as an input. Blowing the output enable fuse lets pin 17 function as an output enable and an input. In this mode, 
the outputs are enabled when pin 17 is low and are in a high-impedance state when pin 17 is high. 
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13 x 80 x 8 PROGRAMMABLE SEQUENCE GENERATOR 


SRPS002C – 03029, MAY 1987 - REVISED MARCH 1992 
description (continued) 


The eight outputs can be individually programmed for combinational operation by blowing the output multiplexer 
fuse. After power up, the device must be initialized to the desired state. When the output multiplexer fuse is left 
intact, registered operation is selected. 


The TIBPSGS07AC is characterized for operation from 0°C to 75°С. 


6-BIT COUNTER CONTROL FUNCTION TABLE (see Note 1) 


OPERATION 


counter active 


synchronous clear 


synchronous clear 
hold counter 





hold counter 


NOTE 1: When all fuses are blown on a product line (AND), its output will be high. When all fuses 
are blown on a sum line (OR), its output will be low. All product and sum terms are low 
on devices with fuses intact. 


S/R FUNCTION TABLE (see Note 2) 


CLK POLARITY FUSE с 


ЇМТАСТ 
ЇМТАСТ 
ЇМТАСТ 
ЇМТАСТ 
BLOWN 
BLOWN 
BLOWN 
BLOWN 
t Output state is indeterminate 


NOTE 2: After power up, the device must be initialized to its desired state. Qo is the state of the 
S/R register before the active clock edge. 


STATE REGISTER 


ME 
exte 
eee 


ІМОЕТЇ 
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functional block diagram (positive logic) 


CLK 


State Registers 


Output Cell 





^w denotes fused Inputs 
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TIBPSG507AC 
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&JequinN шә) o ---------------------------і 


All inputs to AND gates, exclusive-OR gates, and multiplexers with a blown link assume the logic-1 state. 


All OR gate inputs with a blown link assume the logic-0 state. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note3) ............................................................ 7V 
Input voltage (see Note 3) ........... КҮРЕП ЛҮК ГС E кк Калакай. DAD M. 
Voltage applied to disabled output (see Note З) ............................................... 5.5V 
Operating free-air temperaturerange .............................................2.... O*C to 75*C 
Storage temperature range ............................................... ....... —65°C to 150°C 


NOTE 3: These ratings apply except for programming pins during a programming cycle or during the diagnostic mode. 


recommended operating conditions 


[м ммм 
[Vin Әшен — |2 С ПО 
ву | 
ил м | 


4 
lw Pulse duration Clock low 


|________16] па | 
Ба, 
Бин 
[_Inputorfesdbackto АТВ | O O) 
Setup time before CLK active transition? |_Inputorfeedbackto S/R inputs? | 9 | 
| imputorfeedbacktoSCLRO ____| 20 | 
[ Inputorfeedbackto ОЧТН | | 
| putorfeedbackatS/Rmpua | 0 | 
Hold ime after CLK active transition | _InputorfeedbackatSCLRO | о — | 
["mputorfeedbackatONTHLDO [о | 
[TA Opemingfesartmpsdue E | 


t Internal setup and hold times, їз feedback to SCLR1, feedback to CNT/HLD1; th feedback at SCLR1 and feedback at CNT/HLD1, are 
guaranteed by fmax specifications. The active transition of CLK is determined by the programmed state of the CLK polarity fuse. 
+ See the OR term loading section and Figure 3. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


мк | vez EA? BESTE а. 
САИ ПО ООС РЗ ЕТУ ООО аа Tv] 
Мо | уостан o | v | 
он — | ры | 

[m 






Усс = 5.25 V, V = 55V 


UNE 

йн | oc = = 5.25 V, ШЕ =27\ 

fof | ООО ХО СЕ m | 

loco | me 5.25 7 See Note 4, Outputs open 156 210 

Iq [twee м-гу ЕЕ АИ RE Gu 
шэн 


= 1 MHz, Vo-2V 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION EE UNIT 


MIN ТҮРІ МАХ 
6-Bit counter with SCLR1 or CNT/HLD1 
6-Bit counter with SCLRO о — пи 
6-Bit counter with CNT/HLDO 2 
With externa! feedback Гоо Figure 1) А1 = 3000, 






а (nonregistered)* R2 = 390 0, 
Q (registered) See Figure 6 
lor ыг E Q (nonregistered) 





ТА typical values are at Усс = 5 V, ТА = 25°С. 
This parameter approximates 105. The condition Мо = 0.5 V takes tester noise into account. Not more than one output should be shorted at a 
time and duration of the short circuit should not exceed one second. 
See the fmax calculations section. 
1 2" active edge of CLK is determined Бу the programmed state of the СЕК polarity fuse. 
CLK to Q (nonregistered) is the same for data clocked from the counter or state registered. 
NOTE 4: When the clock is programmed for negitive edge, then У| = 4.5 V. When the clock is programmed for positive edge, then У| = 
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fmax calculations 


The following are the different speeds that can be achieved when using the ТІВР56507АС as a state machine. 
The way the 6-bit counter is controlled will largely determine the operating frequency of the state machine. 

-———" 
tsu + tod CLK toQ 


or feedback to the S/R inputs = 12 ns and propagation delay time {ра CLK to Q for the internal S/R 
registers = 5 ns (difference in tpg from CLK and feedback, 25 to 20). 


Thus: fmax for this condition = TM eee е] 


(12+5) ns 17ns 


fmax for a 6-bit counter using SCLR1 or CNT/HLD1 = where setup time ts, for input 


= 58MHz. 





1 
tsu + tod CLK toQ 
feedback to the SCLRO inputs = 20 ns and propagation delay time %а CLK to Q for the internal S/R 
registers = 5 ns (difference in tod from CLK and feedback, 25 to 20) 

1 1 


Thus: fmax for this condition = —— "Ia = 
(20 + 5) ns 25 ns 


fmax for a 6-bit counter using SCLRO for reset = where setup time ts, for input or 





= 40 MHz. 


1 
tsu + tod CLK to Q 
feedback to CNT/HLDO = 25 ns and propagation delay time tpg CLK to Q for the internal S/R registers = 5 ns 
(difference in tpg from CLK and feedback, 25 to 20). 
1 1 


Thus: f, for this condition = -------. = —— = d 
ща (2555) ns " sons ^ MHz 


fmax for а 6-bit counter using CNT/HLDO for reset = where setup time tsu for input or 


programming information 


2-416 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers that are capable of programming Texas 
Instruments programmable logic is also available, upon request, from the nearest TI sales office, local authorized 
TI distributor, or by calling Texas Instruments at (214) 997-5666. 
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tmin(1) Min Clock Period Using This Path 





tmin(2) Min Clock Period using This Path 





tmin(3) Min Clock Period Using This Path 






Dedicated Inputs 


V VV Counter or internal ЗАз 


SCLRO 
or 
CNT/HLDO 
tmin(2) 


за 
re 


Internal S or R 













С] | D Feedback Lines 







CLK Internal 






tpd(3) CLK Internal to Output Response 







teu(1) | to Output З or R С) paz) CLK to Q Pin 


( ) tpd(1)! to Output Pin 


СУ) Dedicated inpute 





© output Pin 


Figure 1. Timing Model 
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glossary — timing model 


pans 
Баја) — 


%49) — 


ви) — 
tsu(2) 77 
цэ) — 
ща) — 
imin(1) — 
tmin(2) — 


tmin(3) — 


Maximum time interval from the time a signal edge is received at any input pin to the time any logically 
affected combinational output pin delivers a response. 


Maximum time interval from a positive edge on the clock input pin to data delivery on the output pin 
corresponding to any output SR register. 


Maximum time interval from the positive edge on the clock input pin to the response on any logically 
affected combinational configured output (at the pin), where data origin is any internal SR register 
or counter bit. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data affects the S or R line of any output SR register. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin when data affects the S or R line of any internal SR register. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin only when entering data on the CNT/HLDO line. 


Minimum time interval that must be allowed between the data edge on any dedicated input and the 
active clock edge on the clock input pin only when entering data on the SCLRO line. 


Minimum clock period (or 1/[naximum frequency]) that the device will accommodate when using 
feedback from any internal SR register or counter bit to feed the S or R line of any output SR register. 


Minimum clock period (or 1/[naximum frequency]) that the device will accommodate when using 
feedback from any internal SR register to feed the S or R line of any internal SR register. 


Minimum clock period (or 1/[naximum frequency]) that the device will accommodate when using 
feedback from any internal SR register or counter bit to feed SCLRO or CNT/HLDO. 


PARAMETER VALUES FOR TIMING MODEL 


ір41) = 20 ns tsu(1) = 12 па? tmin(1) = 17 ns 
tpd(2) = 10 ns tsu(2) = 12 nst tmin(2) = 17 ns 
\ра(3) = 25 ns tau(3) = 25 ns tmin(3) = 25 ns 
tau(4) = 20 па 
INTERNAL NODE NUMBERS 
SCLRO 25 CNTHLDO 28 РО-Р7 ЗЕТ 31-38 
SCLR1 SET 26 CNTHLDi  ЗЕТ 29 RESET 39-46 
RESET 27 RESET 30 Q0-Q7 RESET 47-54 
С0-05 55-60 


t use təu = 19 ns for applications where the setup time for S/R} inputs are required. 
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diagnostics 


A diagnostic mode is provided that allows the user to inspect the contents of the state registers. The following 
are step-by-step procedures required for the diagnostics. 


Step 1. Disable all outputs by taking pin 17 (OE) high (see Note 5). 
Step2. Таке pin 8 (00) to Мин to enable the diagnostics test sequence. 
Step 3. Apply appropriate levels of voltage to pins 11 (Q3), 13 (Q4), and 14 (Q5) to select the desired 
state register (see Table 1). 
The voltage level monitored on pin 9 will indicate the state of the selected state register. 


NOTE 5: If pin 17 is being used as an input to the array, then pin 7 (15) must be taken to Мнн before pin 17 is taken high. 
5 

Pin7 

ОЕ 

Ріп 17 


Qo 
Pin 8 





Q3, Q4, Q5 
Pins 11, 13, 14 ae VoL 
а 2 22 РРА x. 


Т унн = 10.25 V min, 10.5 V nom, 10.75 V тах 


Figure 2. Diagnostics Waveforms 


Table 1. Addressing State Registers 
During Diagnostics 


BURIED REGISTER 
PIN 11 PIN13 PIN 14 
SCLRO 
SCLR1 
CNT/HLDO 
CNT/HLD1 
PO 

P1 

P2 

P3 

P4 

P5 

P6 


rr 


L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
H 
H 
H 
H 
H 
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PRINCIPLES OF OPERATION 


PSG design theory 


Most state machine and waveform generator designs can be simplified with the PSG by referencing all or part 
of each sequence to a binary count. The internal state registers can then be used to keep track of which binary 
count sequence is in operation, to store input data and keep track of internally generated status bits, or as output 
registers when connected to a nonregistered output cell. State registers can also be used to expand the binary 
counter when a larger counter is needed. 


Through the use of the binary counter, the number of product lines and state registers required for a design is 
usually reduced. іп addition, the designer does not have to be concerned about generating wait states where 
the outputs are unaffected because these can be timed from the binary counter. For detailed information and 
examples using this design concept, see A Designer's Guide to the TIBPSG507 located in the applications 
report section of the Programmable Logic Data Book, 1993. 


OR term loading 


As shown in Figure 3 and by the fmax calculation, fmax is affected by the number of terms connected to each 
OR array line. Theoretically, fmax is calculated as: 
1 


fmax = tsu + tpg CLK toQ 


Since the setup time (input or feedback to S/R) varies with the number of terms connected to each OR array 
line, (due to capacitance loading) fmax will also vary. Figure 3 illustrates the relationship between the number 
of terms connected per OR line and the setup time. 


Use Figure 3 to determine the worst-case setup time for a particular application. Identify the OR array line with 
the maximum number of terms connected. Count the number of terms and use the graph to determine the setup 
time. 


WORST-CASE SETUP TIME 
(Input or feedback to SR!) 
vs 
"OR" TERM LOAD 


20 
19 


toy — Setup Time – ns 
a 





Maximum Number of OR Terms Connected 


Figure 3 
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fmax With external feedback 


The configuration shown is a typical state-machine design with feedback signals sent off-chip. This external 
feedback could go back to the device inputs or to a second device in a multi-chip state machine. The slowest 
path defining the clock period is the sum of the clock-to-output delay time and the setup time for the input or 
feedback signals (ts, + tod CLK to Q). 


1 


Thus: fmax With external feedback = isu + ра CLKtoQ 


Next Device 


Registers 





= teu — си а == 


Figure 4 
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APPLICATION INFORMATION 


The TIBPSG507AC is used in this application to generate the required memory timing control signals (RAS, CAS, 
etc.) for the memory timing controller. 


Dynamic RAM 


Dynamic Banko 
Memory A 1 Мед x 32 Bit 
Controller TMS4C1027 
ro SN74ALS6301 
REFEQ 


Memory 
Timing 
Controller 
TIBPSG507A 


Вапк! 
Clock 

1 Meg x 32 Bit 
Generator ТМ84С1027 


Валк2 
1 Meg x 32 Bit 
TMS4C1027 


Microprocessor 


Bank3 
1 Meg x 32 Bit 
TMS4C1027 


Memory Bank Signals 





For detailed information, please see the Systems Solution for Static Column Decode Application Report. 


Figure 5 
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PARAMETER MEASUREMENT INFORMATION 






| 
81 
R1 
From Output Test 
Under Test Point 
CL R2 
(see Note A) 
LOAD CIRCUIT FOR 
STATE OUTPUTS 
----- $5V 
Timing 35v ee 15V 15V 
Input 15V | | озу 
----- 0.3 V M— м—м 
ци-4--» ми | | 
| |--- 358 35V 
put 15V 15У Low Level 15V 15V 
0.3 V ------ 03V 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 3.5V 
Control 15V 
(low-level Л 
enabling) 2) | — — — — озу 
ten e- 
| чв-» |4 


| НЫ = 233V 
Waveform 1 15V й 
81 Closed | N | Ї __@ Vot+0.5V 
(see Note B) x 


| 
Out-of-Phase | == Vou ten (- Ly 





Output 1.5 М 15У Waveform 2 | — — Мон 
(see Note D) — -voL (eee Note D) / 15V Ч Ë von-05V 
VOLTAGE WAVEFORMS 0 тэг 20V 
PROPAGATION DELAY TIMES ааа 


ENABLE AND DISABLE TIMES, 3-ЗТАТЕ OUTPUTS 


NOTES: A. CL includes probe and jig capacitance and Is 50 pF for tog and ten, 5 pF for tdis- 

. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output Is high except when disabled by the output control. 

. All input pulses have the following characteristics: PRR < 1 MHz, tr = tí < 2 ns, duty cycle = 50%. 

. When measuring propagation delay times of 3-state outputs, switch S1 із closed. 


. Equivalent loads may be used for testing. 


moo wo» 


Figure 6. Load Circuit and Voltage Waveforms 





% 


ТЕХА5 
INSTRUMENTS 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75285 2-423 


TIBPSG507AC 
13 x 80 x 8PROGRAMMABLE SEQUENCE GENERATOR 


SRPS002C - 03029, MAY 1987 — REVISED MARCH 1992 


TYPICAL CHARACTERISTICS 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 





< 
Е 
! 
: 
о 
= 
а 
а 
3 
к 
о 
2 
TA – Free-Alr Temperature — °С 
Figure 7 
POWER DISSIPATION 
vs 
FREQUENCY 
1000 
950 
E ооо 
9 
È 850 
a 
Ёс 
5 
$ so eHe 
ё 
750 





1 2 4 7 10 20 40 70100 
f - Frequency — MHz 


Figure 8 
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TYPICAL CHARACTERISTICS 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
SUPPLY VOLTAGE LOAD CAPACITANCE 


R2 = 3900 -- 











L—— 
£ Ë p 
1 1 а 
Е Ё аа 
š š же — | 
š š 
a a 
с Е "a 
3 3 Ш” {РНЕ (1 or Feedback to Q) 
š > tpLH (1 or Feedback to Q) 
8 ірін (CLK to а) 
Е а Трн, (CLK to Q) 
Усс - Supply Voltage - V Сі – Load Capacitance – pF 
Figure 9 Figure 10 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE NUMBER OF OUTPUTS SWITCHING 
tpHL ( or Feedback to Q) 
Ё e 
1 [ 
Ё Ё 
Е Е 
5 š 
° o 
à a 
с с 
о о 
= = 
@ g 
о 
š š 
? С wamxem| | | 
82 =390 0 
Uer | | | | | 
25 0 50 75 0 1 2 3 4 5 6 7 8 
ТА – Free-Alr Temperature — °C Number of Outputs Switching 
Figure 11 Figure 12 
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N PACKAGE 
(TOP VIEW) 


е 50-MHz Clock Rate 
е Power-On Preset of All Flip-Flops 


е 6-Bit Internal State Register With 8-Bit 
Output Register 


* Power Dissipation ... 600 mW Typical 


е Programmable Asynchronous Preset ог 
Output Control 


* Functionally Equivalent to, but Faster Than 
825105А1 


description 


The TIB828105BC is а TTL field-programmable 
state machine of the Mealy type. This state 
machine (logic sequencer) contains 48 product 
terms (AND terms) and 14 pairs of sum terms (OR 
terms). The product and sum terms are used to 
control the 6-bit internal state register and the 8-bit 
output register. 





FN PACKAGE 
(TOP VIEW) 


The outputs of the internal state register (PO— P5) 
are fed back and combined with the 16 inputs 
(10—115) to form the AND array. In addition a single 
sum term is complemented and fed back to the 
AND array, which allows any of the product terms 
to be summed, complemented, and used as an 
input to the AND array. 


The state and output registers are positive-edge- 
triggered S/R flip-flops. These registers are 
unconditionally preset high during power up. 
Pin19 can be used to preset both registers or, by 
blowing the proper fuse, be converted to an output 
control function. 


The TIB82S105BC is characterized for operation 
from 0°C to 75°C. 





T Power-up preset and asynchronous preset functions are not identical to 825105А. See Recommended Operating Conditions. 
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functional block diagram (positive logic) 


PRE/OE 


CLK 





^N. denotes fused inputs 


к ERN 


| Ю- би — 


timing diagram 


Internal | 
State Registers | | 
РО-Р5 | | | | 
| 
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logic diagram (positive logic) 


завгоњм=5 






=== 
офбеоч 


š Š 33 k 5 25 g z ge 4 First Fuse Number 


44” Increment 


Actual Fuse 
Number 


8 š е-е 
[me => J 
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Г 
Ф 
ч 
2 
m 
о 
mi 


"Ur. 












pel | 
esl 
He fell 
LT | ea 
ЭЭ. 
Rel se 
HS ale 
тишип LES re 
ШИШ Ш  Ш ГШ Ш ЭН У 
ШТ Т  Т ІІІ ЕСІ, евра 
Пи ТШ О HEEL TES Н.) 
Т ШЕШЕ =. 
Т НЫНЕ | 
Т ВЕС ИЙГ шил” 
Т 15-НЫ4 | 
Т HE. tac 
Т do с ля ия 
ІШ el а |___-_ 35. оз 
" mu ШЕ Пена |. 
1 ПШ  ТПППП 15421253: раи 
ШИШ ШИШ -Ш E 
ШТ ТШ  П 113 ээ 4 с 
ШТ Г ШЕШІНЕ | 
" Hete ее 
ЭХЭЭ — 9 ау 
ЕСЕ: 


CLK 


NOTES: 1. All AND gate inputs with a blown link float to the high level. 


2. All OR gate inputs with a blown link float to the low level. 
3. Fuse numbers = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Усс (see Note 4) .......................................................... .. 7У 
Input voltage (see Note 4) ................................................................ . 55V 
Voltage applied to disabled output (see Note 4) ......................... m 5.5 М 
Operating free-air temperature range ................................................... 0°C to 75°C 
Storage temperature гапде ...................................................... . -65%С to 150°C 


NOTE 4: These ratings apply except for programming pins during a programming cycle. 


recommended operating conditions 


Мн High-level input voltage 
VIL Low-level input voltage 


он High-level output current 


loL Low-level output current 


{ Clockt t 1 thru 48 product terms without C-array t 
озек bod 1 thru 48 product terms with C-array 


Clock high or low 
+ Pluse durati 
Preset 
Setup time before СЕКТ, Without С-атау 
іш 1 thru 48 product terms With C-array 


tau Setup time, Preset low (inactive) before CLKTS 
th Hold time, input after CLKT 
TA Operating free-air temperature 


T The maximum clock frequency is independent of the intemal programmed configuration. If an output is fed back externally to an input, the 
maximum clock frequency must be calculated. 
The C-array is the single sum term that is complemented and fed back to the AND array. 

$ After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 











Voc = 5.25 V, VI = 4.7 V, 
195 PRE/OE а GND, Outputs:open 120 180 


Voo=476¥, BESTES 
Мон Усс = 4.75 V, (ОН =-3.2 mA 
По | остео И МОЕ О 
| эмээх 7 ОИ SEA 
нус. МУ 
lof | e м — — E та, 





Switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN ТҮРІ МАХ 








Without C array 50 70 
With C array 













R1 = 5000, 
R2 = 500 О, 
See Figure 5 


лык аш | “а — 






T All typical values are at Усс = 5 V, TA = 25°С. 
The output conditions hace been chosen to produce a current that closely approximates one half of the true short-circuit output current, 105, 
fmax В independent of the internal programmed configuration and the number of product terms used. 


programming information 


Texas Instruments Programmable Logic Devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
Programmable Logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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diagnostics 


A diagnostics mode is provided with these devices that allows the user to inspect the contents of the state 
register. When 10 (pin 9) is held at 10 V, the state register bits РО-Р5 will appear at the 00-05 outputs and 
Q6-Q7 will be high. The contents of the output register will remain unchanged. 


ЕЕ. с те C C 7 
1-115 
| VIL 


| 
| 
| --------4 ------------- 10V 
| ж % ву 


| | JM—— мн 
ю ж! ГА 
| | м 
| | 
| | 
| 


CLK 





Internal — ar a a ee өше — «әм» келе. 
State Register PS E “р NS E VoH 
malum: 55:48 ни аш dui que ань бай чий «вм бий ms qup das ші чив чив «ше «ко өше — s VoL 


р0-в5----------4--- ! | | 
Е 
- n п + 
у 
sewa > OL 





Optional 
OE ov 


PS = Present state, NS = Next state 


Figure 1. Diagnostic Waveforms 
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test array 


A test array that consists of product lines 48 and 49 has been added to these devices to allow testing prior to 
programming. The test array is factory programmed as shown in Table 1. Testing is accomplished by connecting 
00-07 to 18-15, PRE/OE to GND, and applying the proper input signals as shown in Figure 2. Product lines 
48 and 49 must be deleted during user programming to avoid interference with the programmed logic function. 


Table 1. Test Array Program 










OPTION PRE/OE [н | 


PAN 
ET В STATE | NEXT STATE OUT 
oo 
LINE 
ҚЫ PEP REEDED PSE REE СЛЕВА СВА Та КСЈ 
гав хо ние ни в ng а ааа аа а наи ее ее ete С С | 
| | УУ УУ А АЈА АЈА кей ЕУ У У] У МЫ] Јн] TH сър С нн [н [H In [ннн] 









Internal | | | 
State Register — — — — — — HIGH 


РО-Р5 | 


Figure 2. Test Array Waveforms 


Table 2. Test Array Deleted 













OPTION PRE/OE IH | 


манж 00 8 STATE| NEXT STATE OUT 
PRODUCT (PS) (NS) (@п) 
E RETE rer 
je в [7 [e 514 | [о [5 [а [з |2 [и То [5 [4 [s] 2 | То |7 [в [5 |4 312 [i [o| 


[e [5 
сав |--нінінінін інін [HH [HH | H| m Ш LI rein [cm 
| & ез ез fe fe ЈЕ | гей са се сага 


X = Fuse intact, — = Fuse blown 





TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-433 


TIB82S105BC 
16 x 48 x 8 FIELD-PROGRAMMABLE LOGIC SEQUENCER 
WITH 3-STATE OUTPUTS OR PRESET 


3ЯРЗ025 — 02897, SEPTEMBER 1985 - REVISED MARCH 1992 
TIB82S105B, 825105А COMPARISON 


The Texas Instruments TIB82S105B is a 16 x 48 x 8 Field-Programmable Logic Sequencer that is functionally 
equivalent to the Signetics 82S105A. However, the TIBB2S105B is designed for a maximum speed of 50 MHz with 
the preset function being made conventional. As a result the ТІВ825105В differs from the 82$105А in speed and in 
the preset recovery function. 


The TIB82S108B is a high-speed version of the original 82$105А. The ТІВ825105В features increased switching 
Speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz and does 
not decrease as more product terms are connected to each sum (OR) line. For instance, if all 48 product tems were 
connected to a sum line on the original 8281054, the fmax would be about 15 MHz. The fmax for ће TIB82S105B 
remains at 50 MHz regardless of the programmed configuration. In addition, the preset recovery sequence was 
changed to a conventional recovery sequence, providing quicker clock recovery times. This is explained in the 
following paragraph. 


The TIB82S105B and the 82$105А are equipped with power-up preset and asynchronous preset functions. The 
power-up preset causes the registers to go high during power up. The asynchronous preset inhibits clocking and 
causes the registers to go high whenever the preset pin is taken high. After a power-up preset occurs, the minimum 
setup time from power up to the first clock pulse must be metin order to assure that clocking is not inhibited. In a similar 
manner after an asynchronous preset, the preset input must return low (inactive) for a given time, tsu, before clocking. 


The Signetics 825105А was designed in such a way that after both power-up preset and asynchronous preset it 
requires that a high-to-low clock transition occur before a clocking transition (low-to-high) will be recognized. This is 
shown in Figure З. The Texas Instruments TIBB28105B does not require а high-to-low clock transition before clocking 
can be resumed, it only requires that the preset be inactive 8 ns (preset inactive-state setup time) before the clock 
rising edge. See Figure 4. 


The TIBB2S105B, with an fmax of 50 MHz, is ideal for systems in which the state machine must run several times faster 
than the system clock. Itis recommended that the TIB82S105B be used in new designs. However, if the TIB82S105B 
is used to replace the 82S105A, then the customer must understand that clocking will begin with the first 
clock rising edge after preset 


Table 3. Speed Differences 


828105А 1188281058 
РАНАМЕТЕН SIGNETICS TI ONLY 


akea | 2m __| e | 
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| | 
[— tsu Ба ю- tsu m 
| 
| | | 
| | 
| | 


| 
CLK | 
=e Li = | L3 = || 
| | | 
Registers / N X / N Х 


Figure 3. 828105A Preset Recovery Operation 


Figure 4. TIB82S105B Preset Recovery Operation 
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PARAMETER MEASUREMENT INFORMATION 






i 
81 
R1 
From Output Test 
Under Test Point 
с R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-8ТАТЕ OUTPUTS 
Timing vid High-Level Co eee 
Input 15V Pulee 15V 15V 
Д----- 03V | | 0.3 V 
ын z 3.5 У | T | 
раа | 15V Y 154 | | | 3.5 V 
Input Ч - Low-Level 15V 15V 
0.3 V Pulse 
(see Note B) — — — — 03V 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
— 31: 35V 35V 
Input 15У 15V Output 
Control 15V 
| l өзү (low-level 
tpa 6—0) 4—0 toa enabling) FL ду 
| J—- von ten i | (вее Note В) 
In-Phase | 15V | | tdis—P| “- 
Output 





| | Уон 
Out-of-Phase 15V 15V | ав № 
Output до. ten => «+ | + 
(вее Note D) VoL — — мон 
Waveform 2 | = 
VOLTAGE WAVEFORMS (ove Nowe) 15V & Мон -0.5V 
PROPAGATION DELAY TIMES 18600000) hf ___ У =0 V 
VOLTAGE WAVEFORMS 


ENABLE AND DISABLE TIMES, 3-ЗТАТЕ OUTPUTS 
NOTES: А. CL includes probe and jig capacitance and із 50 pF for tpg and ten, 5 pF for tis. 
B. All input pulses have the following characteristics: РАВ < 1 MHz, tr = у = 2 ns, duty cycle = 50%. 
C. Waveform 1 Is for an output with internal conditions such that the output Is low except when disabled by the output control. Waveform 2 
із for an output with internal conditions such that the output is high except when disabled by the output control. 
D. When measuring propagation delay times of 3-state outputs, switch 51 is closed. 
E. Equivalent loads may be used for testing. 


Figure 5. Load Circuit and Voltage Waveforms 
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NT PACKAGE 
(TOP VIEW) 


е Programmable Asynchronous Preset ог 
Output Control 


е Power-On Preset of All Flip-Flops 


е 8-Bit Internal State Register With 4-Bit 
Output Register 


е Power Dissipation . . . 600 mW Typical 


* Functionally Equivalent to, but Faster Than 
825105АЇ 


description 


The ТІВ825167ВС is а TTL field-programmable 
state machine of the Mealy type. This state 
machine (logic sequencer) contains 48 product 
terms (AND terms) and 12 pairs of sum terms (OR 
terms). The product and sum terms are used to 
control the 8-bit internal state register and the 4-bit 
output register. 





FN PACKAGE 
(TOP VIEW) 


The outputs of the internal state register (РО-Р7) 
are fed back and combined with the 14 inputs 
(10-113) to form the AND array. In addition the first 
two bits of the internal state register (РО-Р1) are 
brought off-chip to allow the output register to be 
extended to 6 bits if desired. A single sum term is 
complemented and fed back to the AND array, 
which allows any of the product terms to be 
summed, complemented, and used as inputs to 
the AND array. 


The state and output registers are positive-edge- : | 
triggered S/R flip-flops. These registers are NC «Me чета! connection 
unconditionally preset high during power up. 

PRE/OE can be used as PRE to preset both 

registers or, by blowing the proper fuse, be 

converted to an output control function, OE. 


The TIB82S167BC is characterized for operation 
from 0°C to 75°C. 





t Power-up preset and asynchronous preset functions are not identical to 825167А. 
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functlonal block diagram (positive logic) 


Qo - аз 





^w denotes fused Inputs 


timing diagram 











Internal | 
State Registers | | 
Р2-Р7 | | | | 
| 
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logic diagram (positive logic) 














ї Ë š JE š š š Ë ЖЕ = < — Fst Fuse Number 
"T LE аг Increment 
И т ЕН Actual Fuse 
135 
и 4 
15 2-5 
16 25 
17 22, 
18 22 5,3 
9 = 
Ho 29 x: 
ni 25 
112 18 
из тр 
PO 
P1 
P2 
P3 
| ^ 
В i Па 
5 LA | 
a 11144441г, 
[ ПИШЕ ° 
| HE е 
| И Бекер 
| HI TERES # | 
| ПИ ТЕ Те 
| ШШЕ Esa 
[ 11 e ed 
| 1 28. 
[ m L 11151 
| ШШЕ 
[ 11 ee ees 
| HELD HE 69] | 
ТШЕ ГЕ 
111 12651 
11 А 1 13» лэ 
1 Ши те веб 
ЕТЕНЕ 9-4 
HT 28512 
111111 e 5 
1: 1 285 
ТШЕ ГЕ 
А e Hl 
ПО ГД 54 
По Pot peel | 


NOTES: 1. АЙ AND gate inputs with a blown link float to the high level. 
2. АН OR gate inputs with a blown link float to the low level. 
3. Fuse numbers = First fuse number + Increment 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Voc (see Note 4) ..................................................... ...2.... 7V 
Input voltage (see Note 4) ................... EEEE uwa О таза ааа аа а 5.5 V 
Voltage applied to disabled output (see Note 4) .............................................. 5.5V 
Operating free-air temperature range .................................................. 0°С to 75*C 
Storage temperature range .............. Len is ЭН EN 2................ 05°С to 150°C 


NOTE 4: These ratings apply except for programming plns during а programming cycle. 


recommended operating conditions 












Ун _Highievelinputvotage |; s] 
м lowiweimutwlage | 
Пон — Mehlewiowpueuren — — — — — — м | 


t Clock f + 1 thru 48 product terms without C-array 
clock МАД ад 1 thru 48 product terms with C-array 


UN CUN Сож high огон pu | 
Prose CON — 














ru 48 product terms With C-array 


rà The maximum clock frequency в independent of the internal programmed configuration. If an output is fed back extemally to an input, the 
maximum clock frequency must be calculated. 
The C-array is the single sum term that is complemented and fed back to the AND array. 
After Preset goes inactive, normal clocking resumes on the first low-to-high clock transition. 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


Voc = 4.75 V, IOL = 24 mA 037 05 
Vcc = 5.25 V, Vo=2.7V 
Voc = 5.25 V, Мо =0.4V 


Усс = 5.25 V, М! = 5-5М 


Усс = 5.25 V, М = 4.5 V, 
РВЕ/ОЁ at GND, Outputs open 





switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM 
PARAMETER (INPUT) TEST CONDITION MIN ТҮРІ МАХ | wm | 


R1 = 500 0, 


R2 = 500 0, 
See Figure 5 





Т All typical values are at МСС = 5 V, ТА = 25°С. 
The output conditions hace been chosen to produce a current that closely approximates one half of the true short-circuit output current, los, 
fmax i$ independent of the intemal programmed configuration and the number of product terms used. 


programming information 


Texas Instruments Programmable Logic Devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
Programmable Logic is ако available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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diagnostics 


A diagnostics mode is provided with these devices that allows the user to inspect the contents of the state 
register. When 10 is held at 10 V, the state register bits P2—P7 will appear at the Q0- Q3 and PO-P1 outputs. 
The contents of the output registers, 00-03, РО-Р1 remain unchanged. 


VIH 
1-113 
| Ми. 


Ка БО 10V 
| | a ин 
ю 4 | ГА 
2-2 | и 
| | 





| | | Мон 
VoL 


C—O 
OE ov 


PS = Present State, NS = Next State 


Figure 1. Diagnostic Waveforms 
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test array 


A test array that consists of product lines 48 and 49 has been added to these devices to allow testing prior to 
programming. The test array is factory programmed as shown in Table 1. Testing is accomplished by connecting 
Q0-Q3 to 110-113, PRE/OE to GND, and applying the proper input signals as shown in Figure 2. Product lines 
48 and 49 must be deleted during user programming to avoid interference with the programmed logic function. 


Table 1. Test Array Program 







OPTION PRE/OE IH | 


жов 
РНЕЗЕМТ ЗТАТЕ | МЕХТ ЗТАТЕ OUT 
шин sip 
(ЕТТЕРІНЕ 


5141321 |0 5 4 32 h от |6 5 4 13 |2 [1 [0] 
mm 
|н) 







| 48 __|х]- CE MH |n СС СС СО СС СЗ С na ue ОЗС ЗСЗ СЗ С С С С 
[49 fe pepe jt ДЕ р р pe pepe pepe fe fee eee Pe GLIA IRR [нун н нін інн [HTH TH | 





Q0 - Q3 | VoH 

| 2-3 
iato анин тестови ! | | HIGH 
РО-Р7 DEP" EOM vod 


Figure 2. Test Array Waveforms 
Table 2. Test Array Deleted 


OPTION PRE/OE Јн | 


PRESENT STATE| NEXT STATE OUT 


го [s [а 312 | 1[o]s [4 [3 [211] 
LIEBE 


н|нінінін 


LINE 





X = Fuse intact, — = Fuse blown 





TEXAS % 
INSTRUMENTS 


POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 2-443 





TIB82S167BC 
14 x 48 x 6 FIELD-PROGRAMMABLE LOGIC SEQUENCER 
WITH 3-STATE OUTPUTS OR PRESET 


SRPS026 - 02896, JANUARY 1985 - REVISED MARCH 1992 


TIB82S167B, 825167А COMPARISON 


The Texas Instruments TIB82S167B is a 14 x 48 x 6 Field-Programmable Logic Sequencer that is functionally 
equivalent to the Signetics 825167А. However, the TIB82S167B is designed for a maximum speed of 50 MHz with 
the preset function being made conventional. As a result the ТЇВ825167В differs from the 8281674 in speed and іп 
the preset recovery function. 


The ТІВ825167В is a high-speed version of the original 82$167А. The TIB82S167B features increased switching 
speeds with no increase in power. The maximum operating frequency is increased from 20 MHz to 50 MHz and does 
not decrease as more product terms are connected to each sum (OR) line. For instance, if ali 48 product tems were 
connected to a sum line on the original 8281674, the fmax would be about 15 MHz. The fmax for the TIB82S167B 
remains at 50 MHz regardless of the programmed configuration. In addition, the preset recovery sequence was 
changed to a conventional recovery sequence, providing quicker clock recovery times. This is explained in the 
following paragraph. 


The TIB82S167B and the 825167А are equipped with power-up preset and asynchronous preset functions. The 
power-up preset causes the registers to go high during power up. The asynchronous preset inhibits clocking and 
causes the registers to go high whenever the preset pin is taken high. After a power-up preset occurs, the minimum 
setup time from power up to the first clock pulse must be met in order to assure that clocking is not inhibited. In a similar 
manner after an asynchronous preset, the preset input must return low (inactive) for a given time, tsu, before clocking. 


The Signetics 825167А was designed in such а way that after both power-up preset and asynchronous preset it 
requires that a high-to-low clock transition occur before a clocking transition (low-to-high) will be recognized. This is 
shown in Figure З. The Texas Instruments 118825167В does not require a high-to-low clock transition before clocking 
can be resumed, it only requires that the preset be inactive В ns (preset inactive-state setup time) before the clock 
rising edge. See Figure 4. 


The TIB82S167B, with an fmax of 50 MHz, is ideal for systems in which the state machine must run several times faster 
than the system clock. It is recommended that the TIB82S167B be used in new designs. However, if the TIB82S167B 
is used to replace the 82S167A, then the customer must understand that clocking will begin with the first 
clock rising edge after preset. 


Table 3. Speed Differences 


8281674 7188281678 
РАНАМЕТЕН SIGNETICS TI ONLY 


ра CLK to Q 
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Figure 4. TIB82S167B Preset Recovery Operation 
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PARAMETER MEASUREMENT INFORMATION 


5V 
81 
R1 
From Output Test 
Under Төв! Роми 
eL R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-ЗТАТЕ OUTPUTS 
Timing 35У High-Level (pie o 
Input 1.5V Pulse 15V 15V 
4 — озу | | озу 
tu > th H м —в 
| d—-—- 35% 
Data Vey is | | 3.5 V 
Input à Low-Level 15V 15V 
0.3 V Pulse 
(see Note B) ----- 03V 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
----- 35V 
Input 15V 15V Output 
| | озу F control 
OW-leve 
4—0 ta enabling) 





VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES 


NOTES: 


mao om» 


. Equivalent loads may be used for testing. 





| === = = =3.3V 
Waveform 1 VoL +0.5 V 
81 Closed | Ç ы | 7 ӨР, ханыг 

(see Note C) = 


| 
ten + i 


VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


. OL includes probe and jig capacitance and is 50 pF for tog and ten, 5 pF for tgis. 

. А input pulses have the following characteristics: РАН < 1 MHz, | = у = 2 ns, duty cycle = 50%. 

. Waveform 1 is for ап output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
в for an output with intemal conditions such that the output is high except when disabled by the output control. 

. When measuring propagation delay times of 3-state outputs, switch S1 is closed. 


Figure 5. Load Circuit and Voltage Waveforms 
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* Standard 20-Pin PLD Family AUORN PACKAGE 
е Virtually Zero Standby Power (TOP VIEW) 


* Propagation Delay Time...55 ns Max 


* TTL- and HC-Compatible Inputs and 
Outputs 


* Preload Capability to Aid Testing 
* Fully Tested for High Programming Yield 





Before Packaging 
е Greater Than 2000-V Input Protection for 
Electrostatic Discharge TICPAL16R4' 
JL OR N PACKAGE 
* Devices in the 'JL' Package Can Be Erased (TOP VIEW) 


and Reprogrammed More Than Once 


СЕНЕ АЕ 
INPUTS | O OUTPUTS Q OUTPUTS 

„сва | мо |" 2 | o  — 
imei er шог 
[тап s 0 |ббчаөылө | 2 | 
[таен [8 0] 8 stat puters) | 5 | 









description 
These programmable array logic devices provide 
reliable, high-performance substitutes for TICPAL16R6' 
conventional TTL and HCT logic. They are also JL OR N PACKAGE 
compatible with HC logic over the Vcc range of (TOP VIEW) 


4.75 V to 5.25 V. Their easy programmability 
allows for quick design of custom functions and 
typically results in a more compact circuit board. 
Static power dissipation for these devices is 
negligible. 


The output registers of these devices are D-type 
flip-flops that store data on the low-to-high 
transition ofthe clock input. The registered outputs 
may be disabled by taking OE high, whereas the 
nonregistered outputs may be disabled through 





the use of individual product terms. Unused inputs TICPAL16R8' 
must always be connected to an appropriate logic JL OR N PACKAGE 
level, preferably either Усс or ground. (TOP VIEW) 


The programming cell consists of a floating-gate 
device like those used in EPROMs. All terms are 
initially connected. The unwanted terms are 
programmed out to provide the desired function. 
The output of a given AND gate is low if both the 





These devices are covered by U.S. Patent 4,410,987 
PAL Is a registered trademark of Advanced Micro Devices Inc. 
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description (continued) 


true and complement cells of a term are connected, and high if all related cells are programmed. Programming 
can be done manually but is usually achieved through the use of commercially available programming 
equipment. 


This TICPAL16' series has internal electrostatic discharge (EDS) protection circuits and has been classified with 
а 2000-V EDS rating tested under MIL-STD-883B, Method 3015.1. However, care should be exercised in 
handling these devices, as exposure to EDS may result in a degradation of the device parametric performance. 


The floating-gate programming cells allow these PLD to be fully programmed and tested before assembly to 
assure high field programming yield and functionality. They arethen erased by ultraviolet light before packaging. 


All devices in this series contain a security feature. Once the security cell is programmed, additional 
programming and verification cannot be performed. This prevents easy duplication of a design. 


The TICPAL16' С series is characterized for operation from O*C to 75°С. 


erasure 


The TICPAL16' (JL package) series can be erased after programming by exposure to ultraviolet light that has 
a wavelength of 253.7 nm (2537 А). Therecommended minimum exposure dose (UV intensity х exposure time) 
is fifteen wesecm"?. The lamp should be located about 2.5 cm (1 inch) above the chip during erasure. It should 
be noted that normal ambient light contains the correct wavelength for erasure. Therefore, when using the 
TICPAL16' series (JL package), the window should be covered with an opaque label. 
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functional block diagrams (positive logic) 


TICPAL16L8' 





TICPAL16R4’ 
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TICPAL16R6' 
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logic diagram (positive logic) 
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logic diagram (positive logic) 
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logic diagram (positive logic) 
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logic diagram (positive logic) 
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се ниши А А 222 22-2 222222. 242-2655: 22 ЖиМж а = ЕАД 
absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage. Маб «iiie зекет rk Re Retire eor EPOR TUE КЕККЕ ЫСАК -0.5Vto7V 
Input voltage range, Vj (see Note 1) ........................................... 0.5 V to Vcc+0.5 V 
Input clamp current, Пк (М < 0 or Vi» Мас) се... нение HH men +20 МА 
Output clamp current, Ток (Мо <0 or Мо > Мас) «cies Ine +20 ПА 
Continuous output current, lo (Мо = 0 to Мас) ............................................. + 35 mA 
Continuous current through Voc Ро... о... ено. ээн хх хүхэ hne 70mA 
Continuous current through GND ріп .................................2..2..2.... ...... -200 тА 
Lead temperature 1,6 mm (1/16 in) from case for 60 seconds (JL package) ..................... 300°C 
Lead temperature 1,6 mm (1/16 in) from case for 10 seconds (М package) ...................... 260°C 
Operating free-air temperature range .................................................. O*C to 75°С 
Storage temperature range ..................................................4..... —65°С to 150°C 


T stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device, These are stress ratings only, and 
functional operation of the device at these or any other conditlons beyond those indicated under “recommended operating conditions” Is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 













: Pulse durai Clock high 
w ulse duration Clock юм 


tau Setup time, input or feedback before clockT | 40 | 
h Hold time, input or feedback after clockT ой | 
TA Operating free-air temperature 





= 
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electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 


PARAMETER TEST CONDITIONS MIN ТҮРІ МАХ | UNIT 


















Voc = 475 V, [он = -3.2 mA (for TTL) у | 
Voc = 4.75 V, (ОН = -4 mA (ог CMOS) 386 | 

Усс = 4.75 V, IOL = 24 ПА (for TTL) — ү | 
Voc = 4.75 V, IOL = 4 mA (ог CMOS) | oa] 





> 


Пен | veo 255, уо-24У 
ог Үсс = 5.25 V, Мо = 0.4 V 

н | Усс-525\, мос 

i М = 


5 








5 


Үсс 5254 ° | | 
ICC (standby) Voc = 5.25 М, М = Oor Voc, 0-9 | НА | 


lcc (operating) Voc = 5.25 V, VI = 0 or Voc, lo =0, 
f f = 1 MHz to 25 MHz MHz 


ЗЕЕ 





Voc = 5.25 М, VI = 0.5 V ог2.4 V, 
мес? МА 
Other Inputs at 0 V or Voc 


switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) 


FROM TO 
PARAMETER (INPUT) (OUTPUT) TEST CONDITION MIN ТҮР! МАХ 
1, МО, feedback о, Мо R1 = 200 0, 


В2 = 390 0, 


=_= 
АЕР 88Р ] 
вые 
3 5] 


М=2У 





See Figure 2 





T All typical values are at Усс = 5 V, TA = 25%. 
This Із the increase in supply current for each in[ut that is at one of the specified TTL voltage levels rather than 0 ог Voc. 


$ i ые ыы ПА лол - 21. 
(пах (with feedback) = Би БКБ ; fmax (without feedback) = ЭН 
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preload procedure for registered outputs 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to step through the entire state-machine sequence. All of the registers may be preloaded 
simultaneously by following the steps below. 


Step 1. With Voc at 5 V and Pin 11 at Мн, raise Pin 1 to Мнн. 

Step 2. Apply either Vi, or Мн to the output corresponding to the register to be preloaded. 

Step З. Lower Pin 1 to Vii, then remove the output voltage. Preload can be verified by lowering Pin 11 to Vi. 
and observing the voltage level at the output pins. 


Ріп 1 





мін - L VoH 
Мр-- VoL 
Figure 1. Preload Waveforms 


preload recommended operating conditions, TA = 25°СЇ 


TOT] 
Пино Preloadinput unentatpint [а  48[ w^ | 
аа [м | 
Е ЕТ СООО C C > |] 


T Other test parameters and conditions are shown in recommended operating condltions and electrical characteristics tables. 







programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 





5У 
81 
R1 
From Output Test 
Under Test Point 
с R2 
(see Note A) 
LOAD CIRCUIT FOR 
3-ЗТАТЕ OUTPUTS 
Тіті Y High-Level шаны 
п9 15V дїн өөө 15V 15V 
Input ACRES 0 Pulse | Ї 0 
se t P 6 eon 
Data ~ 90% | | эү 
Input | 15V 1.5М 10% ° өнцөг” у а 
шве 
Witt У Жи (soo Note B) ----о 
(see Note В) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 
Control 
(low-level 
enabling) 
Waveform 1 
81 Closed 
(see Note C) 
Waveform 2 
81 Open 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES {see Note C) 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. С) includes probe and jig capacitance and is 50 pF for іра and ten, 5 pF for tdis- 
B. А! input pulses have the following characteristics: PRR < 1 MHz, Zo = 50 Q, tr = tt = 6 ns, duty cycle = 50% 
С. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
D. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 
E. Equivalent loads may be used for testing. 


Figure 2. Load Circuit and Voltage Waveforms 
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• 24-Ріп Advanced CMOS PLD оним а 


е Virtually Zero Standby Power 


* Propagation Delay Time: 
1, /O to VO in the Turbo Mode 
-25С ... 25 ns Max 
-301... 30 ns Мах 
1, VO to I/O in the Zero-Power Mode 
-25С ... 35 ns Мах 


-301... 40 ns Max 
CLK to Q 

-25C ... 15 ns Max 

-301... 20 ns Мах 


Ф Variable Product Term Distribution Allows 
More Complex Functions to Be 
Implemented FN PACKAGE 

(TOP VIEW) 





е Each Output Is User-Programmable for 
Registered or Combinatorial Operation, 
Polarity, and Output Enable Control 


е Extra Terms Provide Logical Synchronous 
Set and Asynchronous Reset Capability 


е Preload Capability on АП Registered 
Outputs Allow for Improved Device Testing 


* UV Light Erasable Cell Technology Allows 
for: 
Reconfigurable Logic 
Reprogrammable Cells 
Full Factory Testing for High 
Programming Yield 





NC — No Internal connection 
* Programmable Design Security Bit Pin assignments in operating mode 


Prevents Copying of Logic Stored in 
Device 


@ Package Options Include Plastic 
Dual-In-Line and Clip Carrier [for 
One-Time-Programmable (OTP) Devices] 
and Ceramic Dual-In-Line Windowed 
Package 


AVAILABLE OPTIONS 


PACKAGE TYPE 
TA uu WINDOWED PLASTIC PLASTIC 
RANGE DUAL-IN-LINE DUAL-IN-LINE CHIP CARRIER 


uu (NT) (FN) 
TICPAL22V102-25CJTL | TICPAL22V10Z-25CNT | TICPAL22V102-25CFN 
TICPAL22V102-30INT | TICPAL22V102-30IFN 


These devices are covered by U.S, Patent 4,410,987. 
ЕРЮ is a trademark of Texas Instruments Incorporated. 









tra of Taxas instruments 
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description 


The CMOS PLD devices feature variable product terms, flexible outputs, and virtually zero standby power. It 
combines Т’ EPIC™ (Enhanced Processed Implanted CMOS) process with ultraviolet-light-erasable EPROM 
technology. Each output has an output logic macrocell (OLM) configuration allowing for user definition of the 
output type. This device provides reliable, low-power substitutes for numerous high-performance TTL PLDs with 
gate complexities between 300 and 800 gates. 


The TICPAL22V10Z has 12 dedicated inputs and 10 user-definable outputs. Individual outputs can be 
programmed as registered or combinational and inverting or noninverting as shown in the OLM diagram. These 
ten outputs are enabled through the use of individual product terms 


Thevariable product-term distribution on this device removes rigid limitation toa maximum of eight productterms 
per output. This technique allocates from 8 to 16 logical product terms to each output for an average of 12 product 
terms per output. The variable allocation of product terms allows for far more complex functions to be 
implemented in this device than in previously available devices. 


With features such as the programmable OLMs and the variable product-term distribution, the TICPAL22V10Z 
offers quick design and development of custom LSI functions. Since each of the ten output pins may be 
individually configured as inputs on either a temporary or permanent basis, functions requiring up to 21 inputs 
and a single output or down to 12 inputs and 10 outputs can be implemented with this device. 


Design complexity is enhancedbythe addition of synchronous set and asynchronous reset productterms. These 
functions are common to all registers. When the synchronous set product term is a logic 1, the output registers 
are loaded with a logic 1 on the next low-to-high clock transition. When the asynchronous reset product term 
is a logic 1, the output registers аге loaded with a logic 0 independently of the clock. The output logic level after 
set or reset will depend on the polarity selected during programming. 


Output registers of this device can be preloaded to any desired state during testing, thus allowing for full logical 
verification during product testing. 


The TICPAL22V 10Z has internal electrostatic discharge (ESD) protection circuits and has been classified with 
a 2000-V ESD rating tested under MIL-STD-883C, Method 3015.6. However, care should be exercised in 
handling these devices, as exposure to ESD may result in a degradation of the device parametric performance. 


The floating-gate programmable cells allow the devices to be fully programmed and tested before assembly to 
assure high field programming yield and functionality. They are then erased by ultraviolet light before packaging. 


Тһе TICPAL22V10Z-25C is characterized for operation from 0°С to 75°С. The ТІСРА122У102-301 is 
characterized for operation from —40°C to 85°C. 


design security 


The ’PAL22V10Z contains a programmable design security cell. Programming this cell will disable the read verify 
and programming circuitry protecting the design from being copied. The security cell is usually programmed after 
the design is finalized and released to production. A secured device will verify as if every location in the device 
is programmed. Because programming is accomplished by storing an invisible charge instead of opening a metal 
link, the '22V10Z cannot be copied by visual inspection. Once a secured device is fully erased, it can be 
reprogrammed to any desired configuration. 
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functional block diagram (positive logic) 


/ша 
/ша 
/ша 
/ша 
/о/а 


/ша 


F 1 4$ 1 4 ае 
21 2} 21 4 4 


E 3 3 
21 4 га 


vo/Q 


тоа 


/оа 


/ша 


IN 
I 
2-2 
E 
Ho 
Ше 2 
E 


Bh 
а 
B 
В 
— 





^X, denotes programmable cell inpute 





TEXAS 
INSTRUMENTS 


POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 2-461 


TICPAL22V102-25C, TICPAL22V 102-301 
EPIC™ CMOS PROGRAMMABLE ARRAY LOGIC CIRCUITS 


SRPS007C – 03323, SEPTEMBER 1989 – REVISED FEBRUARY 1992 


Asynchronous Reset 
(to all registers) 






Increment 










logic diagram (positive logic) 
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$g 
59 
2% 
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First Cell Number + Increment 
Inside each MACROCELL the (P) cell is the polarity cell and the (R) cell is the register cell. 





Programmable Cell Number 
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output logic macrocell (OLM) description 


A great amount of architectural flexibility is provided by the user-configurable macrocell output options. The 
macrocell consists of a D-type flip-flop and two select multiplexers. The D-type flip-flop operates like a standard 
TTL D-type flip-flop. The input data is latched on the low-to-high transition of the clock input. The О and Q outputs 
are made available to the output select multiplexer. The asynchronous reset and synchronous set controls are 
available in all flip-flops. 


The select multiplexers are controlled by programmable cells. The combination of these programmable cells 
will determine which macrocell functions are implemented. It is this user control of the architectural structure that 
provides the generic flexibility of this device. 


output logic macrocell diagram 





AR = asynchronous reset 
88 = synchronous set 
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output logic macrocell options (see Figure 1) 





REGISTER FEEDBACK, REGISTERED, ACTIVE-LOW OUTPUT REGISTER FEEDBACK, REGISTERED, ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, ACTIVE-LOW OUTPUT VO FEEDBACK, COMBINATIONAL, ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


CELL SELECT 
FEEDBACK AND OUTPUT CONFIGURATION 














81 80 
0 Register feedback Registered Active low 
Register feedback Registered Active high 
10 feedback Combinational | Active low 
10 feedback Combinational | Active high 


0 = erased cell, 1 = programmed сей 


51 and SO are select-function cells as shown in the output logic macrocell 
diagram. 


Figure 1. Resultant Macrocell Feedback and Output Logic After Programming 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Мос >................................................. ...... -0.5Vt07V 
Input voltage range, М (see Note 1) ............................................ -0.5 V to Vcg «0.5 V 
Input clamp current, цк (М<007У)>Усс) ............................................. +20 тА 
Output clamp current, lok (Мо < 0 ог Мо > Мас) ......................................... .. +20 mA 
Continuous output current, lo (Мо = 010 Voc) ............................................. +40 тА 
Lead temperature 1,6 тт (1/16 in) from case for 10 seconds: FN or NT package ............. ... 260°С 
Lead temperature 1,6 mm (1/16 in) from case for 10 seconds: JTL package ..................... 300°C 
Operating free-air temperature range .................................................. 0°C to 75°С 
Storage temperature range ....................................................... —65°С to 150°C 


1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not 
Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


|__________________________________ мм NOM МАХ UNIT 
Voc | Supply voltage 4.75 5 5.25 
Мн High-level input voltage 22263021 RAE DN 
Мо Low-level input voltage в v | 


. Driving TTL 

loH High-level output current Driving CMOS mA 
Driving TTL 

loL Low-level output current Driving CMOS [oe Í l mA 


НЕТУ оос 2 02022702 
Pulse duration 
[Amen НОЕ И 
Setup time, turbo mode [asynchronous resetinacive | % | 
[Synchronous това аве | 20 
mr amna 
Setup time, zero-power mode _ | Asynchronous тевөгтайа | | 
— 





th Hold time Input or feedback | 
ТА Operating free-air temperature 





4 


TEXAS 
INSTRUMENTS 


2-466 POST OFFICE BOX 655303 9 DALLAS, TEXAS 75265 


TICPAL22V102-25C 
EPIC™ CMOS PROGRAMMABLE ARRAY LOGIC CIRCUITS 


SRPSO07C – 03323, SEPTEMBER 1989 — REVISED FEBRUARY 1992 





electrical characteristics over recommended operating free-air temperature range 







































Үсс = 475 V, [он = -3.2 mA for TTL 
Уон Voc = 4.75 V, Юн = -4 mA for CMOS v 
VOL Vcc = 4.75 V, lo = 16 mA for TTL 
Voc = 4.75 V, IOL = 4 mA for CMOS 
Гон. | 9008280 ооо n w^ | 
Пн | сс эм... VI = 525 V 
м [j] 
ме [= s мл | 
соз оо. а s 19 ВА 










fz1MHz 






switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 3) 


Turbo mode 
Zero-power mode 
Turbo mode 


Zero-power mode 





Tall typical values are at Voc = 5 V, Ta = 25°С. 
Not more than one output should be shorted at a time, and the duration of the short circuit should not exceed one second. Vo is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 

§ Disabled outputs are tied to GND or Voc. 


“max (with feedback) = u ; fmax (without feedback) = L 


tsu + а СК to Q) tw(high) + tw(low) 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 


Supply voltage range, Усс ............................. 4.................ы ши хэзээ —0.5Vto 7 V 
Input voltage range, Vj (see Note 1) ................... Vai qua ea К m ... 70.5 V to Vcc+0.5 М 
Input clamp current, цк (Vj < 0 or Vj» Voc) ..... алин ое аллагад +20 тА 
Output clamp current, low (Мо < 0 Ог Vg» Мас) «eem mr +20 ПА 
Continuous output current, lo (Мо = 010 Voc) ..--..--....................... 1... ......... +40 ТА 
Lead temperature 1,6 mm (1/16 іп) from case for 10 seconds: ЕМ or NT package ................ 260°С 
Operating free-air temperature range ................................................ —40°С to 85°C 
Storage temperature range ....................................................... —65*C to 150°C 


1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions" is not 
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 


recommended operating conditions 


| мм ном MAX] UNT 
Усс Supply voltage 

Мн High-level input voltage 
V Low-level input voltage 


1 
28 š 


a 
N 


IL 
| . : Driving TTL 
OH High-level output current Driving CMOS 


— 
о 


| Driving TTL 
OL Low-level output current Driving CMOS 


Clock high 1 


2 

Pulse duration 12 
Се 
| ° | 


| рио | 227 
Setup tme, turbo mode | Asynchronous resetare | 25 — | 
| Synchronous prestase | 
она 
Setup time, zero-power mode | Asynchronous resetira | æ À] 
[Synchronous prestase | | 
Га Hedüme — — —  mtoreebak [о C 
°C 
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electrical characteristics over recommended operating free-air temperature range 


PARAMETER TEST CONDITION 


Усс = 4.5 V, {OH = -3.2 mA for TTL 
Voc = 4.5 V, ІОН = -4 mA for CMOS 
Vcc = 4.5 V, loL = 18 mA for TTL 
Voc = 4.5 V, ЮГ = 4 mA for CMOS 
voc = 5.5 М, мо 2.7 У 


Ee 55V, М = Е 
Outputs open, Zero-power mode 


VI =2 V, 1-1 MHz 





Switching characteristics over recommended ranges of supply voltage and operating free-air 
temperature (unless otherwise noted) (see Figure 


FROM TO t 
PARAMETER (МРОТ) (OUTPUT) MIN TYP! МАХ) UNIT 
Without feedback 
With feedback 
Био O, VO 
| Zero-powermode | | Zero-powermode | 
Asynchronous — 35 
| Zero-powermode | | Zero-powermode | RESET 


шэг 











„о === A 
| Zero-powermode | | Zero-powermode | 

VO << 
| Zero-powermode | ШЕРИНЕ ЕЕЕ 527 






T All typical values are at Мос = 5 V, ТА = 25°С. 
Not more than one output should be shorted ata time, and the duration of the short circuit should not exceed one second. Мо is set at 0.5 V to 
avoid test problems caused by test equipment ground degradation. 

S Disabled outputs are tied to GND or Voc. 


Ч пах (with feedback) = : ; тах (without feedback) = 1 


tsu + tgg(CLK to Q) ~ twlhigh) + tw(low) 
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preload procedure for registered outputs (see Notes 2 and 3) 


The output registers can be preloaded to any desired state during device testing. This permits any state to be 
tested without having to setup through the entire state-machine sequence. Each register is preloaded 
individually by following the steps given below. The output level depends on the polarity selected during 
programming. 


Step 1. With Усс at 5 V and pin 1 at Vj, raise pin 8 to Мнн. 

Step 2. Apply either Мү or Мн to the output corresponding to the register to be preloaded. 

Step 3. Pulse pin 1, clocking in preload data. 

Step 4. Remove output voltage, then lower pin 8 to Vj. Preload can be verified by observing the voltage level 
at the output pin. 


СІКЛ 


| 
| ДР VIH Мон 
— ЕНЕГЕ» m 


--- VIL VoL 





Figure 2. Preload Waveforms 


NOTES: 2. Pin numbers shown are for the JTL and NT packages only. If chip-carrier socket adapter is not used, pin numbers must be changed 
accordingly. 
3. 1а = tg, = ty = 100 ns to 1000 ns. Мнн = 10.25 V to 10.75 V. 


programming information 


Texas Instruments programmable logic devices can be programmed using widely available software and 
inexpensive device programmers. 


Complete programming specifications, algorithms, and the latest information on hardware, software, and 
firmware are available upon request. Information on programmers capable of programming Texas Instruments 
programmable logic is also available, upon request, from the nearest TI field sales office, local authorized TI 
distributor, or by calling Texas Instruments at (214) 997-5666. 
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PARAMETER MEASUREMENT INFORMATION 


5v 


Ь 


(see Note D) 







$1 
3000 









From Output Test 
Under Test Polnt 
CL 390 0 
(see Note А) 
LOAD CIRCUIT FOR 
3-8ТАТЕ OUTPUTS 
3v — — — — зу 
сік Z 15V нерее 15V 15V 
————— 0 | | 0 
taut th " эцэг tw = 
cd | Y 15V Low-Level | | A 
ni - 
P 0 Pulse 15V 15V 
(see Note B) SO 
(see Note B) 
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS 
SETUP AND HOLD TIMES PULSE DURATIONS 
Output 
Control 
(low-level 
enabling) 
Waveform 1 
$1 Closed 
(see Note C) 
Waveform 2 
81 Open 
VOLTAGE WAVEFORMS 
PROPAGATION DELAY TIMES (see Note С) 





VOLTAGE WAVEFORMS 
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS 


NOTES: А. CL includes probe and jig capacitance and ia 50 pF for іра and ten, 5 pF for в: 

B. All input pulses have the following characteristics: PRR < 1 MHz, Zo = 50 0, tr = tf = 2 ns, duty cycle = 50%. 

С. Waveform 1 is for an output with internal conditions such that the outputis low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

О. When measuring propagation delay times of 3-state outputs, switch $1 is closed. 

E 


. Equivalent loads may be used for testing. 


Figure 3. Load Circuit and Voltage Waveforms 
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special design features 


True CMOS Outputs: Each TICPAL22V10Z output is designed with a P-channel pull-up transistor and an 
N-channel pull-down transistor, a true CMOS output with rail-to-rail output switching. This provides direct 
interface to CMOS logic, memory, or ASIC devices without the need for a pull-up resistor. The CMOS output 
has 16-mA drive capability, which makes the TICPAL22V102Z an ideal substitute for bipolar PLDs. The electrical 
characteristics of this device show the output under both CMOS and TTL conditions. 


Simultaneous Switching: High-performance CMOS devices often have output glitches on nonswitched 
outputs when a large number of outputs are switched simultaneously. This glitch is commonly referred to as 
"ground bounce" and is most noticeable on outputs held at Vo, (low-level output voltage). Ground bounce is 
caused by the voltage drop across the inductance in the package lead when current is switched (dv a | x di/dt). 


One solution is to restrict the number of outputs that can switch simultaneously. Another solution is to change 
the device pinout such that the ground is located on a low-inductance package pin. TI opted for a third option 
in order to maintain pinout compatibility and eliminate functional constraints. This option controls the output 
transistor turn-on characteristics and puts a limit on the instantaneous current available to the load, much like 
the оз resistor in a TTL circuit. 


Wake-Up Features: The TICPAL22V10Z employs input signal transition detection techniques to power up the 
device from the standby-power mode. The transition detector monitors all inputs, l/Os, and feedback paths. 
Whenever a transition is sensed, the detector activates the power-up mode. The device will remain in the 
power-up mode until the detector senses that the inputs and outputs have been static for about 40 ns; thereafter, 
the device returns to the standby mode. 


Turbo Mode or Zero-Power Mode: When the turbo cell is programmed, the device will be set to the power-up 
mode. Therefore, the delay associated with its transition detection and power up will be eliminated. This is how 
the faster propagation delays and shorter setup times are obtained in the turbo mode. The turbo mode and the 
associated speed increase can be effectively simulated with the turbo cell erased, if a series of adjacent input, 
I/O, or feedback edges occur with an interval of about 25 ns or less between these adjacent edges. Under these 
conditions, the TICPAL22V10Z will never have the opportunity to power down due to the frequency of the 
adjacent edges. 


Power Up: The TICPAL22V10Z device configuration bits (power mode, and macrocell configuration) are read 
at the first input transition after a monotonic power up. When completed, the TICPAL22V10Z is in its designed 
configuration. The use of an initializing device reset is necessary in applications where registered feedback is 
used to ensure the TICPAL22V10Z is in a known state at the beginning of system operation. 


Power Dissipation: Power dissipation of the TICPAL22V10Z is defined by three contributing factors, and the 
total power dissipation is the sum of all three. 


Standby Power: The product of Voc and the standby Icc. The standby current is the reverse current 
through the diodes that are reversed biased. This current is very small, and for circuits that remain in static 
condition for a long time, this low amount of current can become a major performance advantage. 


Dynamic Power: The product of Усс and the dynamic current. This dynamic current flows through the 
device only when the transistors are switching from one logic level to the other. The total dynamic current 
for the TICPAL22V10Z is dependent upon the users’ configuration of the device and the operating 
frequency. Output loading can be a source of additional power dissipation. 


interface Power: The product of icc (interface) and Voc. The total interface power is dependent on the 
number of inputs at the TTL Мон level. The interface power can be eliminated by the addition of a pull-up 
resistor. 
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Even though power dissipation is a function of the user's device configuration and the operating frequency, the 
TICPAL22V10Z is a lower powered solution than either the quarter-powered or half-powered bipolar devices. 
The virtually zero standby power feature makes the TICPAL22V10Z the device of choice for low-duty-cycle 
applications. 


programming and erasability 


Programming of the TICPAL22V10Z is achieved through floating-gate avalanche injection techniques. The 
charge trapped on the floating gate remains after power has been removed, allowing for the nonvolatility of the 
programmed data. The charge can be removed by exposure to light with wavelengths of less than 400 nm 
(4000 À). The recommended erasure wavelength is 253.7 nm (2537 À), with erasure time of 60 to 90 minutes, 
using a light source with a power rating of 12000 uW/cm? placed within 2.5 cm (one inch) of the device. 


The TICPAL22V10Z is designed for programming endurance of 1000 write/erase cycles with a data retention 
often years. To guarantee maximum data retention, the window on the device should be covered by an opaque 
label. The fluorescent light in a room can erase a unit in three years or, in the case of a direct sunlight, erasure 
can be complete in one week. 
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TYPICAL CHARACTERISTICS 
NORMALIZED SUPPLY CURRENT 

















OUTPUT CURRENT vs 
vs FREE-AIR TEMPERATURE 
OUTPUT VOLTAGE (10-BIT COUNTER) 
2 
a 
ч Усс 245V 
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Figure 4 Figure 5 
SUPPLY CURRENT 
vs NORMALIZED PROPAGATION DELAY TIME 
CLOCK FREQUENCY vs 
(10-BIT COUNTER) SUPPLY VOLTAGE 
100 | > 1.15 
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| 8 
во | Duty cycle = 50% | ІМ A] 0 11 
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TYPICAL CHARACTERISTICS 
CHANGE IN 
NORMALIZED PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
vs vs 
FREE-AIR TEMPERATURE LOAD CAPACITANCE 





ë 
1 
Е 
> 
5 
© 
a 
Е 
š 
: 
Р 
а 
Е 
9 
Ё 
@=CLK to Q 5 
9 = Zero-Power Mode 
А = Turbo Mode 
0 
0 100 200 300 400 500 600 700 800 
TA ~ Free-Air Temperature – °С С ~ Load Capacitance - pF 
Figure 8 Figure 9 
CHANGE IN 


PROPAGATION DELAY TIME 
vs 
NUMBER OF OUTOUTS SWITCHING 


Change in Propagation Delay Time — ns 





1 2 3 4 5 6 7 8 9 10 
Number of Outputs Switching 


Figure 10 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on іѕ ситегії. 


TI warrants performance of its semiconductor products and related software to current 
specifications in accordance with Tl's standard warranty. Testing and other quality control 
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific testing 
of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 


Please be aware that TI products are not intended for use in life-support appliances, devices, or 
systems. Use of TI product in such applications requires the written approval of the appropriate 
ТІ officer. Certain applications using semiconductor devices may involve potential risks of 
personal injury, property damage, or loss of life. In order to minimize these risks, adequate design 
and operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. Inclusion of ТІ products. in such applications is understood to be fully at the risk of the 
customer using TI devices or systems. 


ТІ assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
representthat any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of TI covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright € 1992, Texas Instruments Incorporated 
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Introduction 


The purpose of this report is to provide the first time user of programmable logic with 
a basic understanding of this powerful technology. The term Programmable Logic 
Device (PLD), refers to any device supplied with an uncommitted logic array, which 
the user programs to his own specific function. 


Programmable Logic Advantages 


Programmable logic devices (PLDs) offer many advantages to the system designer 
who presently is using several standard catalog SSI and MSI functions. Listed below 
are just a few of the benefits which are achievable when using programmable logic. 


Package Count Reduction: Several MSI/SSI functions can be replaced with one 
PLD. This reduces system power requirements. 


PC Board Area Reduced: Fewer devices consume less PC board space. 


Circuit Flexibility: Programmability allows for minor circuit changes without 
changing PC boards. 


Improved Reliability: With fewer PC interconnects, overall system reliability 
increases. 


Shorter Design Cycle: When compared with standard-cell or gate-array 
approaches, custom functions can be implemented much more quickly. 


п c с cuc с 


Proprietary Design Protection (fuse protection): Circuit can be protected Бу 
blowing the security fuse. 


The PLD will fill the gap between standard logic and large scale integration. The 
versatility of these devices provide a very powerful tool for the system designer. 


Symbology for PLDs 


In ordertokeepthe PLDs easy to understand and use, a special convention has been 
adopted. Figure 1 is the representation for a 3-input AND gate. Note that only one 
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line is shown as the input to the AND gate. This line is commonly referred to as the 
product line. The inputs are shown as vertical lines, and at the intersection of these 
lines are the programmable fuses. An X represents an intact fuse. This makes that 
input, part of the product term. No X represents a blown fuse. This means that input 
will not be part ofthe productterm (in Figure 1, input Bis not part ofthe product term). 
A dot at the intersection of any line represents a hard-wire connection. 


Figure 1. Basic Symbology 


Input Terms 
ABC 


Product Output 
Line Е= А•С 


In Figure 2, we will extend the symbology to develop a simple 2-input programmable 
AND array feeding an OR gate. Notice that buffers have been added to the inputs, 
which provide both true and complement outputs to the product lines. The 
intersection ofthe inputterms form a 4 x 3programmable AND array. From the above 
symbology, we can see that the output of the OR gate is programmedto the following 
equation, AB + AB. Note that the bottom AND gate has an X marked inside the gate 
symbol. This means that all fuses are left intact, which results in that product line not 
having any effect on the sum term. In other words, the output of the AND gate will 
be a logic 0. When all the fuses are blown on a product line, the output of the AND 
gate will always be а logic 1. This has the effect of locking up the output of the OR 
gate to a logic level 1. 


Figure 2. Basic Symbology Example 


Sum of Preducts 
Output 





Family Architectures 


The PROM was the first widely used programmable logic family. Its basic 
architecture is an input decoder configured from AND gates, combined with a 
programmable OR matrix on the outputs. As shown in Figure 3, this allows every 
output to be programmed individually from every possible input combination. In this 
example, a PROM with 4 inputs has 24 or 16 possible input combinations. With the 
output word width being 4 bits, each of the 16 x 4 bit words can be programmed 
individually. Applications such as data storage tables, character generators, and 
code converters are just a few design examples which are ideally suited for the 
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PROM. In general, any application which requires every input combination to be 
programmable is a good candidate for a PROM. However, PROMs have difficulty 
accommodating large numbers of input variables. Eventually, the size of the fuse 
matrix will become prohibitive because for each input variable added, the size of the 
fuse matrix doubles. 


Figure 3. РВОМ Architecture 
16 Words x 4 Bits 


D. С.В, + 28 OR Array 
(Programmable) 






AND Array 
(Fixed) 
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To overcome the limitation of a restricted number of inputs, the PLD utilizes a slightly 
different architecture as shown in Figure 4. The same AND-OR implementation is 
used as with PROMS, but now the input AND array is programmable instead of the 
output OR array. This has the effect of restricting the output OR array to a fixed 
number of input AND terms. The trade-off is that now, every output is not 
programmable from every input combination, but more inputs can be added without 
doubling the size of the fuse matrix. For example, if we were to expand the inputs 
on the PLD shown in. Figure 4 to ten and on the PROM in Figure З to ten, we would 
see that the fuse matrix required for the PLD would be 20 x 16 (320 fuses) versus 
4 x 1024 (4096 fuses for the PROM). It is important to realize that not every 
application requires every output to be programmable from every input combination. 
This makes the PLD a viable product family. 


The FPLA goes one step further in offering both a programmable AND array and a 
programmable OR array (Figure 5). This feature makes the FPLA the most versatile 
device of the three, but often impractical in most low complexity applications. For 
applications in which complex timing control is required, Texas Instruments (ТІ) 
offers several programmable state machines based on the FPLA architecture. 
Several of these devices incorporate internal state registers or on-chip binary 
counters to aid in generating complex timing sequences. 


Another type of programmable logic device (PLD) is the erasable programmable 
logic device (EPLD). Based on the traditional PLD architecture, these devices 
typically offer a higher level of flexibility in the input and output configuration, register 
selection, and clocking options. CMOS EPLDs provide a higher level of density over 
standard PLDs and have lower power dissipation characteristics than bipolar PLDS. 
All programmable logic approaches discussed have their own unique advantages 
and limitations. The best choice depends on the complexity of the function being 
implemented and the current cost of the devices themselves. It is important to realize 
that a circuit solution may exist for more than one of these logic families. 


PLD Architecture 


Figure 4. 


AND Array 
(Programmable) 





01 Qo 


Q3 92 
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Figure 5. 


FPLA Architecture 


2111-1221 
@@ ШИШЕ 2608 
да Ieee 
222. 
правна ane 

ШИВ ве = а 
2-1 


11-12 
Ни 
TT Sone 
212222. 


AND Array 
(Programmable) 








PLD Options 


Figure 6 shows the logic diagram of the popular TIBPAL16L8. Its basic architecture 
isthesameas discussedin theprevious section, but with the addition of some special 
circuit features. First, noticethat the PLD hasten simple inputs. In addition, six of the 
outputs operate as I/O ports. This allows feedback into the AND array. One AND gate 
in each product term controls each 3-state output. The architecture used in this PLD 
makes it very useful in generating а! sorts of combinational logic. 


Another important feature about the logic diagram and а! other block diagrams 
supplied from individual datasheets are that there are no Xs marked at every fuse 
location. From the previous convention, we stated that everywhere there was an 
intact fuse, there was an X. However, in order to make the logic diagram useful when 
generating specific functions, it is supplied with no Xs. This allows the user to insert 
the Xs wherever an intact fuse is desired. 


The basic concept of the TIBPAL16L8 can be expanded further to include D-type 
flip-flops on the outputs. An example of this is shown in Figure 7, with the 
TIBPAL16R8. This additional feature allows the device to be configured as a counter, 
simple storage register, or similar clocked function. 


Circuit variations which are available for other members of the TI PLD family are 
explained in the following paragraphs. 
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Figure 6. TIBPAL16L8 Logic Diagram 
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Figure 7. ТВРА! 1688 Logic Diagram 
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ИВО ПРЕРВАЛА ДВ 


Output Macrocell 


PLDs equipped with the output macrocell offer total output flexibility. Figures 8 and 
9 show examples of these types of features as implemented in the TIBPAL22V10 
device. Fuses 50 and S1 allow selection between registered or combinational 
outputs as well as output polarity. Figure 10 illustrates the user options. 


The user options are as follows: 


4) Clock Polarity Select. The clock signal can be inverted via a clock polarity select 
fuse. This allows the transition of the register outputs to be on either the positive 
or negative edge of the clock pulse. 


5) Internal-State Registers. Several devices offer internal-state registers, which 
are often called buried registers. With the internal-state register, the output of 
the register is fed back into the AND array rather than to an output pin. This 
feature can be used for timing control sequences. 


6) Variable Product Terms. Some PLD device architectures vary the number of 
product terms associated with each output pin. This allows better utilization of 
the programmable array. 


Figure 8. | Polarity Selection 


Enable 





Intact: Output = PO + P1 +... + Pn 
Blown: Output = PO «P1...» Рп 
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Figure 9. | Output Масгосе! Diagram 





AR = asynchronous reset 
SS - synchronous set 
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Figure 10. Resultant Macrocell Feedback and Output Logic After Programming 





REGISTER FEEDBACK, REGISTERED, REGISTER FEEDBACK, REGISTERED, 
ACTIVE-LOW OUTPUT ACTIVE-HIGH OUTPUT 





VO FEEDBACK, COMBINATIONAL, VO FEEDBACK, COMBINATIONAL, 
ACTIVE-LOW OUTPUT | ACTIVE-HIGH OUTPUT 


MACROCELL FEEDBACK AND OUTPUT FUNCTION TABLE 


FUSE SELECT 
at s | FEEDBACK AND OUTPUT CONFIGURATION 


Register feedback Registered Active low 


Register feedback Registered Active high 
10 feedback Combinational | Active low 





VO feedback Combinational | Active high 
0 = unblown fuse, 1 = blown fuse 


51 and 50 are select-function fuses as shown in the output logic macrocell 
diagram. 
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Figure 11. PLD Process Flow Diagram 


Define 
Application 
Generate 
Logic Equations 
Select Approprate 
PLD 
















Working 
Device 





The best way to demonstrate the unique capabilities of the PLD is through a design 
example. Through this example, the user will gain the basic understanding needed 
to apply a PLD application. In some cases, this goal may only be to reduce existing 
logic, but the overall approach will be the same. 
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Example Requirements 


Table 1. 


This example will generate a 4-bit binary counter which is fed by one of four clocks. 
There aretwo lines available for selecting the clocks, SEL1 and SELO. Table 1 shows 
the required input for the selection of the clocks. In addition, it is desired that the 
counter be able to switch from binary to decade count. This feature is controlled by 
an input called BD. When BD is high, the counter will count in binary. When low, the 
counter will count in decade. 


Clock Selection 


SEL1 SELO | OUTPUT 





Figure 12 shows this example is implemented using standard logic. As shown, three 
MSI functions are required. The 'LS162 is used to generate the 4-bit counter while 
the clock selection is handled by е"! 5253. The'LS688 is an 8-bit comparator which 
is used for selecting either the binary or decade count. In this example, only five of 
the eight comparator inputs are used. Four are used for comparing the counter 
outputs, while the other is used for the BD input. The comparator is hard wired to 
go low whenever the BD input is low and the counter output is count nine. The P = О 
output is then fed back to the synchronous clear input of the 'LS162. This will reset 
the counter to zero whenever this condition occurs. 





PLD Implementation 
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As stated before, the problem in programming a PLD is not in programming the 
fuses, butrather whatfuses needtobe programmedto generate aparticular function. 
Fortunately, this problem has been greatly simplified by computer software. Before 
we examine these techniques, it is beneficial to explore the methods used in 
generating the logic equations. This will help develop an understanding and 
appreciation for these advanced software packages. 


From digital logic theory, we know that almost any type of logic can be implemented 
in either AND-OR-INVERT or AND-NOR form. This is the basic concept used in the 
PLD. This allows classical techniques, such as Karnaugh Maps! to be used in 
generating specific logic functions. As with the separate component example (see 
Figure 12), itis easier to break it into separate functions. The first one that we will 
look at is the clock selector, but remember that the overall goal will be to reduce this 
design example into one PLD. 








хдсоб 





Figure 12. Counter implementation with Standard Logic 


'LS253 'L9162 


SELO 
SEL1 
CLKA 
CLK B 
CLK G 
CLK D 


BD 





PLD Selection 


Before proceeding with the design for the clock selector, the first question which 
needs to be addressed is which PLD to use. As discussed earlier, there are several 
different types of output architectures. Looking at our example, we can see that four 
flip-flops with feedback will be required in the 4-bit counter, plus input clock and clear 
lines. In addition, seven inputs plus two simple outputs will be required in the clock 
selector and comparator. With this information in hand, we can see that the 
TIBPAL16R4 (Figure 13) will handle our application. 


Clock Selector Details 


The first step in determining the logic equation for the clock selector is to generate 
a function table with all the possible input combinations. This is shown in Table 2. 
From this table, the Karnaugh map can be generated and 15 shown in Figure 14. The 
minimized equation for CLKOUT comes directly from this. 
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Function Table 


Table 2. 


SEL1 SELO CLKA CLKB CLKC CLKD CLKOUT 


к 
2 
о 
х 
= 
о 
о 
x 
E 
o 
о 
x 
= 
о 
a 
х 
d 
o 
5 
о 
а 
ш 
[7] 
- 
= 
ш 
9 





3-22 


pum тини 


28 31 


24 








о 
N 

8 

E о 

12 ® 
Е š 
в Е 
5 “ 
SS n 
Q 
Q 
2 © 
- 
E 
ра 
e + 
< 
а 
m 
Е ° 
Ж. А А У А АИ ДУ А А А АИ А АИ 
52 А 5 A^ A^ ^ ^ A^ л A^ A^ 
Ф - 31 “ ° ч o o M ° т 
8 х aa - - ын ана ка = пай pum 
u ° 


3-23 





мм 











А, 


It is important to notice that the equation derived from the Karnaugh map is stated 
in AND-OR notation. The PLD that we have selected is implemented in AND-NOR 
logic. This means we either have to do DeMorgan's theorem on the equation or solve 
the inverse of the Karnaugh map. Figure 15 shows the inverse of the Karnaugh map 
and the resulting equation. This equation can be easily implemented in the 
TIBPAL16R4. 


Figure 14. Karnaugh Map for CLKOUT 


81,060 





CLKOUT = SiSOAMHH + 5160ДВЕ + 5150 ЁС + 5150ХЁ о 


CLKOUT = 8180A + 51508 + $150С + 51500 
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CLKOUT = $150АЙ + 515048 + sisokKCH + 5150ХИфО 


CLKOUT = S1S0A + 51508 + $150С + 51500 





4-Bit Binary Counter Details 


The same basic procedure used in determining the equations for the clock selector 
is used in determining the equations for the 4-bit counter. The only difference is that 
now we are dealing with a present state, next state situation. This means a D-type 
flip-flop will be required in actual circuit implementation. As before, the truth table is 
generated first and is shown in Table 3. 


Table3. Truth Table 


| | PRESENT STATE NEXT STATE 
сін | аз 02 01 ао | аз 02 01 оо 


ж 
ж 
ж 


0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


Алла аосооозчээосоооо 
– ~ ог – –"оо – –0оо- — oo 
-о-оз 0200-0020 
о — –  еооо----оооо 
ооо: г оо: оо оо 
о -— о — о — о — о -о- о- о-о 





From thetruth table, the equations for each ошриїсап be derived from the Karnaugh 
map. This is shown in Figure 16. Note thatthe inverse of the truth table is being solved 
so that the equation will come out in AND-NOR logic form. 
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Figure 16. Karnaugh Maps 


CLR,Q3,Q2 CLR 
Q1,Q0 
Q3 Q3 








(8) Karnaugh Map for 20 





CLR,03,02 CLR 
01,00 
оз оз 


шенін Ч 





Q2 Q2 
Q1 = ОФ ХО + ринркфотао + редот ао 


ОТ = CLR + 9100 + 0100 
(b) Karnaugh Мар for Q1 
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Figure 16. Кагпаиол Maps (Continued) 


CLR,Q3,02 
01,00 оз оз 


—— 
[OJKSKS[O] 
ШЕШІ 
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02 = САО + Бенраоготра + рер4аготоо + Déitada2mQo 
92 = CLR + 0201 + 020100 + 0200 


(с) Karnaugh Map юг Q2 
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| XD 


Q2 Q2 
Оз = CLRDdDZDGDd + розага + PAIKATA 
+ ринбзреркоо + рьцазага1ао 
Q3 = CLR + 0302 + 0301 + 0300 + 03020100 


| 





(а) Катаидћ Мар for Q3 
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Binary/Decade Count Details 


Table 4. 


Recalling from the example requirements that the counter should count in decade 
whenever the BD input is low, we can again generate a truth table for this function 
(Table 4). Since the counter is already designed to count in binary, we can use this 
feature to simplify our design. What we desire is a circuit whose output goes low, 
whenever the BD input is equal to a logic level 0, and the counter output is equal to 
count nine. This output can then be fed back to the CLR input of the counter so that 
it will reset whenever the BD input в low. Whenever the BD input is high, the output 
of the circuit should be a high since the counter will automatically count in binary. 
Notice that Q shown in the truth table is the function we desire. 


Truth Table 


o 
о 
о 
о 
о 





0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


= — ~ ~ ~ — ~ о" о O O о о о 


а. эз о ооо – + ~—о о о 
- — O о — — O O — — O © = - о 
~ ~ — — — — — — O O O O O O о 
2424-4000 024424000 
— — о о — -= о о — - о о —-—- о 
= O — O — O — о — O — O — O ~ 


In this particular example, a Karnaugh map is not required because the equation 
cannot be further simplified. The resulting equation is given below. 


BD OUT = BDQ3Q2Q1Q0 
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Fuse Map Details 
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Now that the logic equations have been defined, the next step will be to specify which 
fuses need to be programmed. Before we do this however, we first need to label the 
input and output pins of the TIBPAL16R4. By using Figure 12 as a guide, we can 
make the following pin assignments in Figure 17. 


PIN: 

1 CLK 20 Voc 

2 SELO 19 CLKOUT 

З SELI 18 мс 

4 СКА 17 ао 

5 CLKB 16 Q1 

6 CLKC 15 Q2 

7 CLKD 14 Q3 

8 CLR 13 NC 

9 BD 12 BDOUT 
10 GND 11 ОЕ 


With this information defined, we now need to insert the logic equations into the logic 
diagram as shown in Figure 17. 


Itis now obvious that inserting the logic equations into the logic diagram is a tedious 
operation. Fortunately, several software programs are available to perform this task 
automatically. All that is required is to statewhich device has been selected and 
definingtheinput and output pins with their appropriate logic equations. The program 
will then generate a fuse map for the device selected. This information can then be 
down loaded into the selected device programmer. 





Figure 17. Programmed ПВРА! 1684 
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PLD Design Software 








Software packages such as ABEL™, CUPL™, and proLogic™ not only generate the 
fuse map, but they also help in developing the logic equations. In most cases, they 
cangeneratethelogic equations from simply providing the program with either atruth 
table or state diagram. In addition, they can test the logic equations against a set of 
test vectors. This helps to ensure that the designer gets the desired function. 


As an example, ме will approach our previous design utilizing DATA I/O's ABEL 
package. The purpose here is not to train the reader how to use ABEL, but rather to 
give them a basic overview of this powerful software package. Figure 18 shows the 
source file required by ABEL. Note that the 4-bit counter has been described with a 
state diagram table. When the ABEL program is compiled, the logic equations will 
be generated. The equations for CLK OUT and BD OUT are given in their final form 
to demonstrate how ABEL will handle these. Also notice that test vectors are included 
for checking the logic equations. This is especially important when only the logic 
equations are given. 


Figure 19 shows some of the output documentation generated by the program. 
Noticethatthe equations generated for the counter match the ones generated by the 
Karnaugh maps. A pinout for the device has also been generated and displayed. The 
fuse mapforthe device has notbeen shown; however, the standard JEDEC fuse map 
thus generated can be down loaded into the device programmer to program the 
selected PLD. 


ABEL is a trademark of Data І/О Corporation 
CUPL is a trademark of LOGICAL DEVICES, INC. 
proLogic is a trademark of proLogic Systems Inc. 
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Figure 18. Source File for ABEL 


module BD COUNT flag '-r2' 
title '4-bit binary/decade counter 


, 


ІСІ device ”Р16Б4”: 


СІК ІМ, SELO,SEL1,CLKA 
СЪКВ, СЪКС, CLKD 

CLR,BD IN,OE 

BD OUT,CLK OUT 


03,02,01,00 
CK, L, H, X, Z - 
OUTPUT 
^ counter states 
S0-^b0000; S42^50100; 
81-АЬ0001; $5=4b0101; 
82=750010; 56=^Ь0110; 
53=АЬ0011; S7=4b0111; 
equations 


" clock selector 


CLK_OUT = CLKA & 
$ CLKC в SEL1 8 


!SELO 


& 


pin assignments and constant declarations 


pin 1,2,3,4; 

pin 5,6,7; 

pin 8,9,11; 

pin 12,19; 

pin 14,15,16,17; 

Qon 0. К ime 
103,02,01,001; 


S8=4b1000; $12=4b1100; 
S9-2^b1001; 513=^Ь1101; 
$10=4b1010; 514=^Ь1110; 
511=^1011; 815-АЬ1111; 
!SEL1 4 СІКВ 6 !SEL1 8 SELO 


1858510 # CLKD а SEL1 а SELO; 


* count nine indicator for decade counting 


BD OUT = !(!BD IN & 03 
state diagram |03,02,01,00) 
State 50: ТЕ CLR -- 


test vectors 
([CLKA, CLKB, 
Ф 


State 51: ТЕ CLR == 
State 52: ТЕ CLR == 
State 53: ТЕ CLR == 
State 54: IF CLR == 
State 55: IF CLR == 
State 56: ТЕ CLR == 
State 57: ТЕ CLR == 
State 58: ТЕ CLR == 
State 59: ТЕ CLR == 
State 510: ТЕ CLR == 
State S11: ТЕ CLR == 
State 812: IF CLR ээ 
State S13: IF CLR == 
State S14: ТЕ CLR -- 
State S15: ТЕ CLR -- 


CLKC, 


, , 


uve 
bé bd ра DS I D Бе ж 
p< »4 m D p< p< >< >< 
tz D p< < Xx X xx 


, , , 
, 7 r 
, , , 
, , , 
, , , 
, , , 
, r , 


& 


осоооососоооосоосооооос 


‘clock selector 
CLKD, 


, 


, 
, 
, 
, 
, 
, 
г, 


, 


102 


8 101 8 Q0); 


THEN 50 ELSE 51, 
THEN SO ELSE 52, 
THEN 50 ELSE 53; 
THEN SO ELSE 54; 
THEN 50 ELSE 55, 
THEN S0 ELSE 56; 
THEN SO ELSE 57; 
THEN SO ELSE 58; 
THEN SO ELSE 59; 
THEN 50 ELSE 810; 
THEN S0 ELSE 511; 
THEN S0 ELSE $12; 
THEN 50 ELSE 513; 
THEN SO ELSE S14; 
THEN 50 ELSE 515; 
THEN 50 ELSE 50; 


SEL1, SELO] -» CLK OUT) 
һ, L ] — L; 
L, L ] -> И; 
Du H ] — L; 
L, H] — H; 
н, L] — L; 
H, L] — H; 
H, H] — L; 
Нн, H] — H; 
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Figure 18 


Source File for ABEL(Continued) 


test vectors ‘counter’ 
([CLK IN, OE, CLR, BD IN] -> 
1 


OUTPUT, BD OUT]) 


[ 
[ CK, L, L, x => [ 50, Н 19 
[ CK, L, H, X j —> [ Sl, н]; 
[ CK, L, 4, X )— [ 82, Н 1; 
| CK, L, H, X 1- | 53, Н]; 
[ CK, L, H, X 1-> [ S4, н]; 
[ CK, L, н, X 1-1 85, H 1; 
Ї CK, L, H, X ] — | 56, Н 1; 
[ CK, L, H, X ]— | 57, H); 
| ск, L, H, X ] — [ 58, н]; 
Ї ск, L, H, L ] — 1 59, 1); 
[ ск, L, H, X 1-> [ 810, н]; 
| CK, L, H, X 1-> (61, н]; 
Ї CK, L, H, x 1 — I 512, H 19 
[ ск, L, H, X 1-> (5813, H]; 
| ск, L, H, x 1-2 1814, Н 19 
Ї ск, L, H, H 1 — | 815, Н 19 
| CK, L, H, X 1->| S0, Н 1; 
[ X, н, Х, x ] — [ 2, Н 1; 


end BD COUNT 


Figure 19. ABEL Output Documentation 


3-34 


ABEL(tm) Version 1.00 - Document Generator 
4-bit binary/decade counter 


Equations for Module BD COUNT 
Device тс1 
Reduced Equations: 


CLK OUT - !((SELl & SELO & !CLKD 
# (SEL1 6 !SELO а !CLKC 
# (15Е11 в SELO а !CLKB 
# !SEL1 в !SELO а !CLKA)))); 


BD OUT = !(Q3 в 102 6 101 6 QO в ! ВО IN); 


Q3 := 1((03 & 02 & 01 в 00 
# (103 в 102 
# (103 в 101 
# (103 6 100 
# !CLR))))); 


Q2 := !((02 а 01 & 00 # (102 а 101 # (102 & 100 
01 :- !((01 а 00 # (101 6 100 # ICLR))); 
QO := 1((00 # !CLR)); 


t 


Page 1 


!'CLR)))); 





Figure 19 ABEL Output Documentation (Continued) 
Page 2 


ABEL(tm) Version 1.00 Document Generator 
4-bit binary/decade counter 


Chip diagram for Module BD COUNT 
Device ІСІ 


CLK IN [] : 
SELO 2 
ЗЕМ [| з 
CLKA [ 4 
CLKB [ 5 
акко [f в 
cko [] 7 

CLR в 
вом 
GND [ло 





end of module BD COUNT 


Reference 
1) H. Troy Nagle, Jr., B.D. Carroll, and David Irwin, An Introduction to Computer Logic. 
New Jersey: Prentice-Hall. Inc., 1975 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 


TI warrants performance of its semiconductor products and related software to current 
specifications in accordance with Tl's standard warranty. Testing and other quality control 
techniques are utilized to the extent ТІ deems necessary to support this warranty. Specifictesting 
of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 


Please be aware that TI products are not intended for use in life-support appliances, devices, or 
systems. Use of TI product in such applications requires the written approval of the appropriate 
ТІ officer. Certain applications using semiconductor devices may involve potential risks of 
personal injury, property damage, or loss of life. In order to minimize these risks, adequate design 
andoperating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. Inclusion of TI products in such applications is understood to be fully at the risk of the 
customer using TI devices or systems. 


TI assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of Tl covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright € 1992, Texas Instruments Incorporated 


TRADEMARKS 


ABEL is a trademark of Data I/O Corporation. 

CUPL is a trademark of LOGICAL DEVICES, INC. 

PLDesigner is a trademark of MINC INCORPORATED. 

proLogic is a trademark of proLogic Systems Inc.. 

IBM and PC-DOS are trademarks of International Business Machines. 
MS-DOS is a trademark of Microsoft Corporation. 
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Introduction 


There are a number of software products available to make logic designs easier and 
less cumbersome. With these software products, complex designs can be described 
using Boolean equations, truth tables, state machine diagrams and schematic 
capture methods available on most CAD systems. 


The ultimate function of these software products is to generate a JEDEC file of the 
original design and to program the targeted Programmable Logic Device (PLD). 
However, most software vendors provide more than a JEDEC file as an output from 
the software. This section will describe the attributes of a few of the popular logic 
design products. We recommend that the reader contact the specific manufactures 
to obtain the latest and most comprehensive information available. 


ABEL™ — Advanced Boolean Expression Language by DATA 1/0 Corporation: 


ABEL consists of a special-purpose, high-level language that is used to describe 
logic designs, and a language processor that converts logic descriptions to 
programmer load files — or JEDEC files. These files contain the information 
necessary to program and test programmable logic devices. 


Features of ABEL design language: 
[1 Universal Syntax for all PLDs 
2 High-Level, Structured Design Language 
2 Flexible Forms for Logic Description 
Boolean Equations 
Truth Tables 
State Diagrams 
С Test Vectors for Simulation and Functional Testing of Programmed Parts 
2 Time-Saving Macros and Directives 
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Some powerful features of the ABEL language processor: 

Syntax Checking 

Verification That a Design can be Implemented with a Chosen Part 
Logic Reduction 

Design Simulation 

Automatic Design Documentation 


Q D Q GQ Ü n 


Creation of Programmer Load Files in JEDEC Format 


Between the ABEL design language and the language processor it becomes rather 
easy to design and test logic functions to be implemented with a PLD. For example, 
a three-input AND function with the inputs Q, R, and S and an output P could be 
designed using the following truth table: 
truth table "3-input AND да е” 
(ГО, В, 8 ] — P) 
| 0, .X.,.X.] - 0 : 


[ X, .0.,.X.] — 0: 
| X, .X.,.0.] — 0 : 
[ 


1 , 1, 1 1 -» 1: 
The .x. inthe table indicate don't care conditions, and the output P is set to 1 only 
when all three inputs equal 1. The output could also be specified in simple Boolean 


operators and achieve the same result. In the following example в is the logical AND 
operator: 


P = Q & R& 5; 











More Boolean Operators 


r ipti 
! ТА NOT: ones complement 
& дав АМО 
# A # В OR 
$ ASB XOR: exclusive OR 
18 А !S B XNOR: exclusive NOR 


ABEL allows designs to be described in the best possible manner to suit the logic to 
be implemented or in a manner suitable to the logic designer. In most cases the same 
description can be used for many different devices simply by changing the device 
specified. 


Thelogic design process using ABEL is shown in Figure 1. Beginning with the design 
concept, the designer creates the ABEL source file required by the language 
processor in order for it to generate the programmer load file. With the help of a text 
editor, the designer can create the source file which contains complete description 
ofthe logic design. The source file may also be created using DASH-ABEL to convert 
a DASH-generated schematic of a design. 
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Logic Design Steps: 


Figure 1. 
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The source Пе is presented to the language processor which performs several 
functions to produce a programmer load file (in JEDEC) format and the required 
design documentation (see Figure 1). 


PARSE Checks the syntax of the source file and flags any errors. 
TRANSFORM Сопмепв the logic description to an intermediate form. 
REDUCE Performs logic reduction. 


FUSEMAP Creates the (JEDEC) programmer load file, which can then be 
downloaded to the logic programmer to program parts, or used to 
generate test vectors. 


DOCUMENT Generates a listing of the source file, a drawing of the logic device 
pin assignments, and a listing of the programmer load file. 


Logic Design Steps with ABEL 


Design Concept 

















ASH 





Schematic 
Text Editor Capture 


ABEL 
Source Flle 










Results 


Design 
Documentation 


PLDTEST 
Test Vector 
Generation 
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Design Examples 


The following design examples highlight two design entry methods, Boolean 
equations and State Diagrams. 


Three-State Sequencer 


The following design is a simple sequencer which demonstrates the use of ABEL 
state diagrams. The design is implemented іп a TIBPAL16R4-10 device (P16R4). 
There is no limit to the number of states that can be processed by ABEL, but the 
number of transitions and the path of the transitions is limited. 


Figure 2 showsthe sequencer design, with a bubble diagram showingthe transitions 
and the desired outputs. The state machine starts in state A and remains in that state 
until the start input becomes high. It then transitions from state A to state B, from 
state B to state C, and back to state A. It remains in state A until the start input 5 
high again. If the reset inputis high, the state machine returns to state A at the next 
clock cycle. If this reset to state A occurs during state B, an abort synchronous 
output goes high, and remains high until the machine is again started. 


During states B and C, asynchronous outputs in B and in C become high to 
indicate the current state. Activation of the hold input will cause the machine to hold 
in state B or C until пота is no longer high ог reset becomes high. 


Figure 2. | State Machine Bubble Diagram 


default with abort - 0 






reset with abort = 1 


hold & treset 
default with abort: = 0 


with abort = 0 


default with abort - 0 


start & lreset 
with abort = 0 
hold & їгөвө! 
with abort: = 0 
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Design Methodology 


Test Vectors 
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Thesequenceris described by usingastate diagram section in the ABEL source 
file. The ABEL source file for the sequencer is shown in Figure 3. In this example, 
the design is given a title, the target device is specified, and pin declarations are 
made. The flag statement is used to select the level of reduction required. 
Constants are declared to simplify the state diagram notation. The two state registers 
are grouped into a set called sreg. The three states A, B, and C are declared with 
appropriate values specified for each. 


For larger state machines with more state bits, careful numbering of states can 
dramatically reduce the logic required to implement the design. Using constant 
declarations to specify state values saves time when later changes to these values 
are made. 


The state diagram begins with the state diagram statement that names the set 
of signals to be used for the state register. The set to be used is sreg. 


Within the state diagram, IF-THEN-ELSE Statements are used to indicate the 
transitions between states, and the input conditions that cause each transition. In 
addition, equations are written in each state that indicate the outputs required for 
each state or transition. 


For example, state A reads: 


State A: 
in_B = 0; 
іп С = 0; 


if (start & !reset) than B with abort := 0; 
else A with abort := 0; 


This means thatif the machine is in state A and start is high, but reset is low, then 
the machine will advance to state B, but in another input condition the machine will 
remain in state A. 


The equations for in_B and in_C indicate that those outputs should remain low 
while the machine is in state A, while the equations for abort, specified with the 
with keyword, indicate that abort should go low if the machine transitions to 
state B, but should remain at its previous value if the machine stays in state A. 


The specification of the test vectors for this design is similar to those of other 
synchronous designs. The first vector puts the machine into a known state (state A), 
and the following vectors exercise the functions of the machine. The А, В, and С 
constants are used in the vectors to indicate the value of the current state, thus 
improving the readability of the vectors. 





Figure 3. 
title '8-bit barrel shifter 


The ABEL Source File for Sequencer 


Gerrit Barrere Data I/O Corp Redmond WA 17 Oct 1987' 
module sequence flag ‘-r3’ 
title 'State machine example D. B. Pellerin - Data 1/0”; 
di device 'pl6r4'; 
41,40 рїп 14,15, 
clock,enab,start,hold,reset pin 1,11,4,2,3; 
abort pin 17; 
in B,in C pin 12,13; 
sreg - 191,90]; 
"State Values š 
A = 0; B = 1; С = 2; 
state diagram sreg; 
State A: " Hold in state А until start 15 active, 
in B = 0; 
in_C = 0; 


st 


st. 


IF (start & !reset) THEN B WITH abort := 0; 
ELSE A WITH abort := abort; 


ate B: ” hdvance to state C unless reset is active 
in_B = 1; ” or hold is active. Turn on abort indicator 
in_C = 0; ” if reset. 


IF (reset) THEN A WITH abort := 1; 
ELSE IF (hold) THEN B WITH abort := 0; 
ELSE C WITH abort := 0; 


ate C: ” Go back to A unless hold is active 
in_B = 0; ” Reset overrides hold. 
in C= 1; 


IF (hold & !reset) THEN C WITH abort := 0; 
ELSE A WITH abort := 0; 


(40, q1] = !RESET 


test vectors([clock,enab,start,reset,hold]-»[sreg.abort,in B,in C]) 


end 


[ .с. , 0, 0 , O, 0]-[ A, 0 , 0, 01) 
І.с., 0, 0 , 0 , 0]—[ A, 0 , 0, 01; 
[.c. , 0, 1 , 0 , 01-41 B, о , 1, 0); 
L.c., 0, 0 , 0 , 0O]o[ C, о , 0, 11 
L.c., 0, 1 , 0 , 0]-[ A, O, 0, O]; 
L.c., 0, 1 , 0 , 0]jo[ B, 0 , 1, 01; 
І.с., 0, 0 , 1 , 01-41 A, 1, 0, 01; 
L.c., 0, 0 , 0 , 01-41 A, 1, 0, 0); 
[.c., 0, 1 , 0, O]-[ B, 0 , 1, 0]; 
[ .с. , 0, 0 , 0 , 1]o[ B, 0 , 1, 0); 
І.с., 0, 0 , 0 , 1]o[ B, 0 , 1, 01; 
[.c., 0, 0 , 0 , 0131 с, о , о, 1] 
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8-Bit Barrel Shifter 


Figure 4. 


This design example highlights the use of Boolean equations as design entry format 
using ABEL. itis ап 8-bit barrel shifter that includes a shift amount selector, an output 
control, and a device enable. The target device for this design is the 
TIBPAL20R8-XX. This design is described by only one Boolean equation. Figure 4 
shows a block diagram of the design. 


Block Diagram: 8-Bit Barrel Shifter 


D7 D6 D5 D4 D3 D2 D1 DO 


12 Е 
n CLK 
10 ос 


Q7 Q6 95 Q4 Q3 Q2 Q1 а0 


Design Specification 


As shown in the block diagram above, the barrel shifter has 8 inputs (DO-D7), eight 
outputs (Q0-Q7), three select lines (10-12), a clock (CLK), an output control (OC), and 
an enable (E). On each clock pulse when E is high, the outputs show the inputs 
shifted by n bits to the right, where n is specified by the select lines. The bit shifted 
out of the barrel shifter on the пай в shifted in on the left, actually performing a rotate. 
When Е is low, the shifter outputs are then preset to 1. 


The output control, when high, sets al! outputs to high impedance, without affecting 
theshift. This means thatif ashift is selected while the output control is high, the shift 
still occurs, but itis not seen at the outputs. If the OC isthen set low, the shifted data 
will appear on the outputs. 


Design Methodology 


Figure 5. 
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Figures 5 and 6 show a simplified block diagram and the source file listing of the 
design respectively. Pins have been assigned so that the shifter outputs can be 
associated with the registered outputs of the targeted PLD. The inputs, outputs, and 
select lines are then assigned to sets which simplify notation. 


Simplified Block Diagram: 8-Bit Barrel Shifter 


Input 
E 
Sel CLK 
oc 
Output 








One Boolean equation is used to describe the entire function of the barrel shifter. The 
equation is expressed in the sum of products form and assigns a value to the output 
set. Each product in the equation corresponds to one of the possible shifts and 
defines the outputs for that shift. 


Thus, the product term, 
(5е1==0) & ![D7,D6,D5,D4,D3,D2,D1,D0] 


defines that for a shift of 0, the inputs are transferred without a shift directly to the 
outputs. Similarly, the product term, 


(Sel--5) & ![D4,D3,D2,D1,D0,D7,D6,D5] 


defines that for a shift of 5, output Q7 gets the value of input D4, Q6 gets D3 and so 
on, corresponding to the correct shift of five places. Notice that the low-order input 
bits have been wrapped around, shifted out of the right side and into the left side. 


Sel can have only one value at a time, thus only one of the Sel == relational 
statements can be true at a given time, and only one of the product terms contributes 
to the sum of products. The OR of all the product terms is ANDed with the enable 
E so that when E is low, all the outputs are preset to 1. 


Both the output sets on the left side of the equation and the inputs on the right side 
of the equation are expressed as negative logic, which, in effect, gives active high 
logic. This is done to compensate for the 'PAL2ORBs inverted outputs. The inverse 
of the inputs is available on the device. 
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ABEL Source File for the 8-Bit Barrel Shifter 


Figure 6. 
module 
title '8-bit barrel shifter 


barrel 


Gerrit Barrere 17 Oct 1987’ 
P7095 
D7,D6,D5,D4,D3,D2,D1,D0 


07,06,05,04,03,02,01,00 


Data I/O Corp Redmond WA 
device ^P20RB8'; 


Pin 2,3,4,5,6,7,8,9; 
Pin 15,16,17,18,19,20,21,22; 


С1К,0С,Е,12,11,10 РїП 1,13,23,10,11,14; 
Input = [D7,D6,D5,D4,D3,D2,D1,D0]; 
output = 107,06,05,04,03,02,01,001; 
Sel = [I2,11,10]; 
H,L,C,2 = 1,0,.С.,.2.; 

equations 
Output := Е & ( (Sel == 0) & ![D7,D6,D5,D4,D3,D2,D1,D0] 


+ (Sel == 1) в ![D0,D7,D6,D5,D4,D3,D2,D1] 
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+ (Sel == 2) в ! [D1,D0,D7,D6,D5,D4,D3,D2] 
+ (Sel == 3) в ![D2,D1,D0,D7,D6,D5,D4,D3) 
+ (Sel == 4) в ![D3,D2,D1,D0,D7,D6,D5,D4] 
$ (Sel == 5) в ![D4,D3,D2,D1,D0,D7,D6,D5) 
+ (Sel == 6) в ![D5,D4,D3,D2,D1,D0,D7,D6] 
+ (Sel == 7) в ![D6,D5,D4,D3,D2,D1,D0,D7]) ; 
test_vectors 
(ІСІК,ОС, E, Sel, Input] -> output) 

[C, L,H, 0, ^b10000000] -» ^b10000000; " Shift 0 

[C, L, H, 1, ^b10000000] -» ^b01000000; " Shift 1 

ІС, L, H, 2, ^b10000000] -> ^b00100000; 7 Shift 2 

ІС, L, H, 3, “b10000000] -> ^b00010000; " Shift 3 

ІС, L, H, 4, ^b10000000) -> ^b00001000; " Shift 4 

[C, L,H, 5, ^b10000000] -» ^b00000100; " Shift 5 

[C, L,H, 6, ^b10000000] -» ^b00000010: " Shift 6 

ІС, L, H, 7, ^b10000000] -> ^b00000001; " Shift 7 

(С, L, H, 0, ^b01111111] -> 4b01111111; 7 Shift 0 

ІС, L, H, 1, ^b01111111] -> ^b10111111; " Shift 1 

[ C, L, H, 3, ^b01111111] -> 4b11101111; " Shift 3 

[C, Ь,Н, 7, ^b01111111] -» 4b11111110; " Shift 7 

[ C, L, H, 1, ^b00000001] -> ^b10000000; 7 Shift  1/Игар 

ІС, L, H, 1, ^Ъ11111110] -> ^b01111111; 7 Shift 1/Wrap 

ІС, L, L, 0, ^b00000000] -> 4b11111111: 7 Preset 

[C, H, H, 0, ^b00000000] -» 2; ” Test High 2 


end 


CUPL 





Below is a short list of some of the popular PLD design software products available 
to logic designers. They аге all PC based and сап be installed on your ІВМ РС or 
compatible. 


CUPL™ — by Logical Devices Inc. 
PLDesigner™ — by ММС Inc. 


proLogic™ — by proLogic Systems Inc. 


CUPL, like ABEL, is a universal Computer Aided Design (CAD) tool that supports 
PLDs. It has utility files that facilitate conversion of designs done in other design 
software environment to the CUPL design environment. CUPL also produces a 
standard programmer load file in JEDEC format, thus making it compatible with logic 
programmers that accept JEDEC files. 
Features of CUPL design language: 
2 Flexible Forms for Design Description 

Boolean Equations 

Truth Tables 

State Diagrams 


Га Expression Substitutions or Time Saving Macros 
Thisinvolvesthe assignment of namesto equations and having the software 
do the substitution any time the assigned name is encountered during the 
compile process. 

С Shorthand Features Offered by CUPL 
List Notation; This nested directive 


[A4,A3,A2,A1,A0] 
can be represented as 
[A4. .0] 
Bit Fields; A group of bits may be assigned to a name as in 
FIELD ADDR < [A4..01] 
Also available in CUPL are the use of Distributive property 
where 
А & (B # C) 


is replaced with 
A&B#A&C 
DeMorgans Theorem 
where 
(A & B) 
is replaced with 
ЈА # !B 
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Some Features of the CUPL Language Processor: 


CUPL provides design templates which allow designers to just fill-in-the-blanks when 
originating a design. Free form comments can also be used throughout the design. 


Error checking with detailed error messages directs designers to the source of 
problems during debugging. 


Logic Reduction Capabilities available on CUPL offers a choice of several 
minimization levels from just fitting a design into a target device to the absolute 
minimum. 


Design Simulation is accomplished using the CSIM feature. This feature allows 
designers to check the workability of their designs before a part is programmed. 
Functional simulation can be done at the programmer when test vectors are 
provided. 
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PLDesigner 


The PLDesigner is a universal logic design synthesis tool for designing with PLDs. 
It features: 


eco 


а 


А High-Level Behavioral Language 

Algorithmic Design Entry for State Machine Designs 
Waveform Design Entry for Glue Logic 

Design Simulation With Automatic Test Vector Generation 


Automatic Device Selection and Design Partitioning Across Multiple Device 
Architectures 


A Device Library of Over 2,000 Devices. 


A fundamental difference between PLDesigner and other products is that the design 
phase is separate from the device selection phase. You can complete a design before 
a device, or devices, are selected. This allows you to concentrate on design and 
simulation. No longer is it necessary to limit your design toa single device, orto select 
a device before starting the design. 


System Requirements 


PLDesigner operates on an IBM PC or compatible with an MS-DOS™ ог PC-DOS™ 
operating system, Version 2.0 or later. А hard disk and 640K RAM memory are 
recommended. A CGA, EGA, Hercules, or monochrome display may be used. A 
mouse and printer are optional. 
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Figure 7. Logic design Steps with PLDesigner 
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proLogic 


ProLogic is a logic design software tool from Texas Instruments used to design and 
program PLDs. This design software development package quickly converts your 
logic design to a programmer load file in the standard JEDEC format. prologic has 
the flexibility to allow you to describe the logic design in any of the following formats: 


С Boolean Equations 
О Truth Table 
Ц State Diagrams 


It should be noted here that, not only can a design be entered in any of the above 
methods, you can design various sections of the design in any of the three formats 
shown above, and proLogic has the ability to unify the various sections and process 
them as one design. 


The proLogic compiler is capable of performing functional simulation when test 
vectors are provided. The simulator uses the fuse list portion from the JEDEC file to 
create a functional device model. It can then execute the simulation vectors against 
this model. The results are automatically placed in a file for evaluation. 


Figure 8. PLD Design Flow using proLogic Design Software 
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Programming Texas Instruments 
Programmable Logic Devices 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 


TI warrants performance of its semiconductor products and related software to current 
specifications in accordance with TI's standard warranty. Testing and other quality control 
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific testing 
of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 


Please be aware that TI products are not intended for use in life-support appliances, devices, ог 
systems. Use of TI product in such applications requires the written approval of the appropriate 
ТІ officer. Certain applications using semiconductor devices may involve potential risks of 
personal injury, property damage, or loss oflife. In order to minimize these risks, adequate design 
and operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. Inclusion of TI products in such applications is understood to be fully at the risk of the 
customer using TI devices or systems. 


ТІ assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does ТІ warrant ог 
represent that any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of TI covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright € 1992, Texas Instruments Incorporated 


Programming Texas Instruments 
Pro grammable Logic Devices 





This report is intended to introduce the user to the fuse technologies used in Texas 
Instruments (TI) Programmable Logic Devices (PLDs), the measures taken by TI to 
provide devices with the highest possible programming yields, and the steps users 
can take to ensure good programmability. 


How a Fuse is Programmed 


Programming Algorithm 


Each programmable logic device family requires a unique algorithm for fuse 
programming and verification on commercial programming equipment. The 
algorithm is a combination of voltage and timing required for addressing and 
programming fuses in the user array. 


The PLD's programming circuitry is enabled by pulsing one or more pins to a super 
voltage level (10.5 volts). Once the programming circuitry is enabled, inputs become 
addressing nodes for the input and product lines within the PLD. The actual fuse link 
is at the intersection of the input and product lines. Once the fuse is addressed, the 
fuse can be programmed by pulsing the output associated with the location of the 
fuse link. A fuse can be verified to be programmed by enabling the programming 
circuitry, supplying the fuse address to the device’s inputs, and reading the level of 
the device’s output. 


Bipolar Fuse Technology 


Figure 1 shows a top and side view of a fuse in a bipolar PLD before it is programmed. 
Titanium-Tungsten (TiW) is used for the fuse or metal link programming element. The 
ideal thickness for this programming element is about 500 angstroms. Titanium- 
tungsten is also used as a barrier metal over contacts to prevent direct aluminum 
contact to silicon. To prevent aluminum diffusion during high-temperature 
processing, the ideal thickness of the barrier metal is about 2000 Angstroms. TI's 
two-step link process allows both the barrier thickness and the fuse thickness to be 
at the ideal. The net result is a higher reliability and better programming yields. 


When a device is programmed, the fuse location is selected. The fuse element at the 
selected location is then opened by the programmer passing a current through the 


3-57 





Figure 1. 


Figure 2. 
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titanium-tungsten fuse elementthat violates the current density limit for the element. 
This current flow heats the fuse element to approximately 2,100°С at which point the 
element is in a molten state. The metal migration which results from the heat of this 
out-of-limit current stress causes a gap in the fuse element. 


As shown in Figure 2, the high temperature at the fuse element's gap causes two 
actions to occur. The fuse element's TIW material oxidizes so as to leave the metal 
on both sides of the gap non-conductive. Also, the heat associated with 
programming, causes the Silicon Dioxide (5:02) above the fusing element to flow 
into the gap. This proven fuse technology has eliminated the fears of fuse grow back 
as a failure mechanism in PLDs. 


Before Programming 


SIDE VIEW 





TIW (Fuse) 


TOP VIEW 


After Programming 


SIDE VIEW 





TIW (Fuse) 


TOP VIEW 


Ч 


Oxidized TIW 


EPLD Programming Technology 
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Texas Instruments CMOS PLDs employ a process technology similar to EPROM 
devices. When compared to the bipolar fusible link technology, the FAMOS 
(Floating-gate, Avalanche-Injection MOS) transistor used by EPROMs replaces the 
fusible link. This permits the programmability function in the same way as the fuse. 


The FAMOS transistor resembles an ordinary MOS transistor except for the addition 
of a floating gate buried in the insulator between the substrate and the ordinary 
select-gate electrode as shown in Figure 3. The programming of the FAMOS 
structure is performed by capacitively coupling the select gate in series with the 
floating gate. Hot electron injection onto the floating gate occurs by pulling the select 
gate to the programming voltage and the drain of the FAMOS transistor to the 
programming voltage minus several threshold drops. As shown in Figure 4, this 
serves to alter the threshold voltage of the select gate. 








Once programmed, the FAMOS transistor retains the electron charge ог data 
pattern, until exposed to an integrated dose of ultraviolet light with a wavelength of 
2,537 angstroms. This uv light will erase the charge by giving the electrons enough 
energy to scatter from the floating gate. This returns the threshold voltage of the 
select gate back to its original value or unprogrammed state. After erasure, the 
device is ready for reprogramming. The reprogrammablity feature of Erasable PLDs 
allows the devices to be used for many programming iterations which are often 
required in the user's design and prototype stages. 


Figure3. | Views of an Floating Gate EPROM Cell 
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a. CELL TOPOLOGY b. CELL CROSS-SECTION 


Figure4. | Drain Current verses Gate Voltage 


Programmed State 


3 


Drain Current — 





Select Gate Voltage 





The threshold voltage determines whether it is sensed as the nonconducting 
programmed state or erased. The charge in threshold corresponds to the shift down 
in the select-gate voltage to drain current transfer characteristic. 
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Programming Algorithm Specifications 
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In order to achieve satisfactory programming yields for PLDs, it is critical that device 
programmers adhere to the programming algorithm specifications as defined by 
Texas Instruments. Each specification contains detailed step-by-step programming 
procedures, input and product line addressing procedures, waveform diagrams, and 
minimum and maximum voltage and timing tables. Because of the complexity of the 
programming algorithms and the need to control and update the specifications, 
Texas Instruments maintains programming algorithms in a specification system 
separate from the PLD Data Book. 


ТІ currently sends specifications and specification updates to most programmer and 
software manufacturers, and challenges each to work with TI to provide our mutual 
customer with approved programming support to guarantee them with the best 
possible programming yield. 


Texas Instruments reserves the right to approve programming algorithms contained 
in commercial programming equipment, and recommends that customers only use 
approved programming support. 


Approved programming support means that TI has evaluated the programming 
algorithm, has verified critical timing paths and voltage levels, and has performed 
yield analysis testing. Approvals are granted by device and are thoroughly 
documented. 


These measures аге taken to ensure that Tl's customers receive the best possible 
programming yields when using TI PLDs. 
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Evaluation and Approval Methods 


Programmers are evaluated by Tl's programmable logic applications. The evaluation 
includes the following: 


[2 Measure Voltage Levels for Accuracy and Repeatability 
(а Measure Critical Timing Paths 

01 Evaluate System Power Supply and Grounding 

ГӘ Yield Analysis 


Templates and oscilloscope printouts are used to document all measurements and 
aremaintained permanently on file. Approvals are granted by device or algorithm and 
documented by letter to the programmer manufacturer. 


Approved Programmer Support 


Approved programmer support is documented in the T/ Programming Reference 
Guide, and on the TI PLD Bulletin Board (214) 997-5665. To subscribe to the 
Programming Reference Guide, simply contact the TI PLD Hotline (214) 997-5666 
ог your local TI field sales representative. 


Texas Instruments recommends that customers use only approved programming 
support. Approved programming support ensures the user.. 


Га The best possible programming yield is being achieved because the 
programming algorithms were evaluated and closely scrutinized. 


[d Tl guarantees 10096 programming yield if approved programmers are used, any 
fallout can be returned for full credit. 


ба ТІ applications engineers are available to interface with programmer 
manufacturers for you on any programming issues or concerns. 
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1) 


2) 


3) 


4) 


5) 


5) 


Helpful Hints for Good Programmability 


Follow accepted standards for ESD protection — remember the additional 
handling requirements in customizing PLDs make them more susceptible to 
ESD damage. 


Equipment, personnel and work surfaces should be grounded 


Air ionization is recommended when handling static sensitive devices 
outside of protective containers. 


Misaligned connectors and worn sockets can contribute to poor programming 
yield. Be aware of the manufacturers specification for number of insertions and 
be sure sockets are replaced frequently to ensure proper contact. 


Ensure you are using the latest update. Most programmer manufacturers offer 
update and repair services to their users. The cost of the service is typically not 
much more than the cost of a single update and the manufacturer may update 
four or more times per year. Tl recommends the user subscribe to this service. 


Revisions could improve yield. TI continuously works with programmer 
manufacturers on yield improvement. 


New devices may be supported. 


Programming equipment should be calibrated. Calibration is typically included 
with the update and repair services previously discussed. ТІ recommends по 
less than two calibrations per year. 


Highest possible yields 
Avoid device damage 


Verify the correct family pinout codes or device entry codes are being used. It 
is important to understand that different algorithms may be needed for different 
speed versions of the same function. 


Use only TI evaluated and approved programming equipment to ensure the 
highest possible programming yield and quality level. 


Test Considerations for PLDs 


TEXAS 
INSTRUMENTS 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 


TI warrants performance of its semiconductor products and related software to current 
specifications in accordance with Tl's standard warranty. Testing and other quality control 
techniques are utilized to the extent Tl deems necessary to support this warranty. Specific testing 
of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 


Please be aware that TI products are not intended for use in life-support appliances, devices, or 
systems. Use of TI product in such applications requires the written approval of the appropriate 
ТІ officer. Certain applications using semiconductor devices may involve potential risks of 
personal injury, property damage, or loss of life. In order to minimize these risks, adequate design 
and operating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. Inclusion of TI products in such applications is understood to be fully at the risk of the 
customer using TI devices or systems. 


ТІ assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does TI warrant or 
representthat any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of TI covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright € 1992, Texas Instruments Incorporated 


TRADEMARKS 


Logic Fingerprint is a trademark of Data /О Corporation. 
IMPACT is a trademark of Texas Instruments Incorporated. 





Test Considerations for PLDs 





Programmable Logic Device (PLD) architecture establishes some unique 
characteristics. Because PLDs do not have the functional needs for address pins as 
found in a PROM, the array must be addressed for programming through the use of 
super voltages (10. 5 volts). Since the programming and verification circuitry are not 
the same as the functional circuitry, verification of the array fuses does not ensure 
total functionality. For this reason, there are two customer yield points to be 
considered for a PLD, 1) programmability yield, and 2) functionality after 
programming. Texas Instruments (TI) thoroughly tests PLDs in its factory; however, 
many users find the need to test after programming to achieve the highest quality 
levels. 


The objective of this report is to provide the PLD user with an insight as to what kind 
of testing is performed at TI prior to shipment of programmable logic devices, and 
10 assist you in the evaluation of your testing alternatives after programming. 


Designed-In Factory Testability 


Texas Instruments has designed testability into its bipolar PLDs through the addition 
oftestinputandtest productlines. Utilizing the samecircuitry as the main array fuses, 
a test pattern is programmed into the test array fuses which address and program 
at least one fuse in each input and product пе. In addition to verification of the main 
fuse array, the test lines provide a further programmability checkpoint for each 
device. These same test lines enable TI to perform functional, static (dc), and 
dynamic (ac) parametric testing on every packaged device. 


Figures 1 and 2 are simplified diagrams of the test circuitry for the TIBPAL16XX 
series devices. Note that the test lines allow testing of actual input and output 
circuitry; therefore, all guaranteed specifications can be tested. Dynamic testing 
through the test circuitry is closely correlated to worst case paths and should 
eliminate the need for ac testing at the customers incoming inspection. 
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Figure 1. — Additional Input lines 
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By using the test input lines, all outputs may be toggled and the speed сап be checked 
from one input to all outputs. 


Figure 2. | Additional Product Lines 
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Output 
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By using the test product lines TI can check every input and implement dynamic test 
from every input to one output. 
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User Testability Features 


Register Preload 


In addition to the designed-in testability features used in factory testing, features 
were also added to simplify user testability. Table 1 lists user testability features 
offered on TI programmable logic devices and associated software products 
available to assist the user with testing PLDs. 


This feature allows the user to preload the output registers to known states prior to 
applying data at inputs and/or I/Os and clocking. 


Preload can be implemented by writing preload vectors in more popular logic 
compilers following logic equations or can be automatically generated by using 
automatic vector generation software. Most commercial programmers used for 
functional test support the use of preload vectors. 


The real advantage of register preload is that it allows the user to fully test the more 
complex codes. 


Power-Up Clear, Set or Reset 


Power-up clear, set, or reset enables the user to know the state of the register at 
power up. Again, this is a key feature for testability as it allows the user writing test 
vectors or the automatic vector generation software with a starting point for register 
intensive designs. Table 1 shows the power-up state of the register and resulting 
state at the output. 


The user can also contribute to the testability of the design by utilizing other features 
of the PLD. 


Unused Inputs / Product Lines 


Unused inputs and product lines can be used to implement set, reset, clear, etc... 
functions to register intensive designs which are often hard to test. Often register 
designs have unused input pins, as well as product lines available for implementing 
these functions. 


Enable on Combinational Outputs 


Combinational outputs have one product line available for implementing the enable/ 
disable function. The key advantage can be seen during board testing where devices 
need to be isolated from each other. By disabling the output of the PLD, the user can 
force input conditions from the external source to the devices being driven by the 
PLD. 
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Table 1. | User Testability Features 


DEVICE SPEED 
FAMILY DESIGNATOR 
TIBPAL16L8 -5/-7/-10 
TIBPAL16R4 -5/-7/-10 
TIBPAL16R6 -5/-7/-10 
TIBPAL16R8 -5/-7/-10 
TIBPAL16L8 -15/-25 
TIBPAL16R4 -15/-25 
ТВРА 1686 -15/-25 
TIBPAL16R8 -15/-25 
TIBPAL20L8 -5/-7/-10 
TIBPAL20R4 -5/-7/-10 
ТВРА 2086 -5/-7/-10 
TIBPAL20R8 -5/-7/-10 
TIBPAL20L8 -15/-25 
TIBPAL20R4 -15/-25 
TIBPAL20R6 -15/-25 
TIBPAL20R8 -15/-25 
TIBPAL22V10 /A 
TIBPAL22V10 -5 
TIBPAL22V10 -7/-10 
TIBPAL22V10 -15B 
TIBPAL22VP10 -20 
TICPAL16L8 -55 
TICPAL16R4 -55 
ТСРА! 1686 -55 
ТСРА 1688 -55 
TICPAL22V102 -25/-30 
ТІВ825105 В 
TIB82S167 B 
TIBPLS506 - 
TIB82S167 - 
EP330 -12/-15/-25 
ЕР6ЗО -15/-20/-25 
ЕР1830 -20/-25/-30 


* = User Configured 
NA = Not Applicable 


REGISTERED REGISTERED 


PRELOAD 


YES 


YES 


YES 
YES 
YES 
YES 
YES 


OUTPUTS 


оо һо оо > о 


оо һо 


16“ 


All CMOS PLDs are erasable Юг repeated programmability. 
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POWER-UP 


POWER-UP 


ATREGISTER AT OUTPUT 





VECTOR GENERATION 
SOFTWARE SUPPORT 
AVIL DATA VO 
ATG PLDTEST« 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 - 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 1.0 
2.23 - 
2.23 - 
2.23 - 
2.23 - 
2.03 - 
2.23 - 
2.23 - 





Pid Testing Options 


Fuse Verification / Checksum 


Checksum testing verifies array fuses to be intact or blown. Each fuse location is 
assigned a value of 1, 2, 4, 8, 16, 32, 64, or 128. The checksum is the sum (in 
hexadecimal) of the values of positions with blown fuses. As previously discussed, 
checksum testing or fuse verification only tests for the state ofthe fuse and exercises 
programming circuitry only. The functional circuitry is not tested. 


Structured Vector Testing 


Structured vector testing, utilizing the software packages shown in Table 1 or 
generated manually at design conception, allow the user to apply structured test 
vectors (see Figure 3) to the device either on device programmers or testers. 
Figure 4 shows how to implement preload into your vector test. 


Fault coverage of structured vectors is graded and documented so the user knows 
how much coverage is used for the design. A fault is simply a potential for device 
failures. Faults graded include logic faults as well as fuse faults. 


Logic Faults — Check affected gates for S-A-0, or stuck low, and S-A-1, or stuck high. 
Figure 5 Illustrates logic faults. Fuse Faults — Check each fuse for intact or blown. 


Structured vectors are generic so they can be applied to all manufacturers PLDs of 
like function (e.g. 1618, 22V10, еіс... ). Structured vector testing ensures the 
functionality of the design, and can be performed on the device programmer. 
Structured vector testing should be considered the minimum amount of testing 
required prior to application. 


Signature Analysis / Logic Fingerprint'" / Random Vector Test 


Signature analysis or fingerprint testing is sometimes seen as an alternative to 
structured vector testing. The test applies a predetermined or pseudo-random vector 
set to the inputs of a known good device and memorizes the output responses. 
Subsequent devices are tested againstthe master. Potential problems exist with this 
type of testing. 


С Master device could be defective resulting іп the acceptance of bad devices 
and/or rejection of good devices. 


Registered devices may never initialize 


Outputs may never be put in the correct states to ensure correct feedback (only 
structured vectors ensure correct feedback) 


Oscillating conditions not controlled (structured vectors can void oscillations) 


oo пп 


Different manufacturers use different power up / preload conditions 
{1 Percent of coverage is unknown 


The best case could yield an adequate functional test while the worst case may test 
little or nothing. 
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Figure 3. Test Vectors (standard JEDEC form) 
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Figure 4. Ргеіоаа Implementation — '16R8 
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Figure 5. Fault Grading 


Structured Test Vectors can be Applled to Detect 


S-A- 1 Fault: Circuit node ignores input stimuli 
remains at a high or 1 state 


1 
! Ш it 1 (Actual) 
1 0 (Expected) 
5-А-0 Fault Circuit node ignores input stimuli 
remains at a low or 0 state 
+ 
0 T of ot 0 (Actual) 
1 1 (Expected) 


t = Nodes checked 
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Static (dc) Parametric Testing 


Static parametric testing includes structured vector or functionaltesting as described 
previously plus the testing of critical current/voltage parameters to ensure they meet 
the specifications prescribed by the TI data book. 


The testing of dc parametrics, such as input and I/O leakage currents, output high 
and low voltages under static loading, power supply current, etc... will only improve 
the quality of the PLD going into the application by ensuring that devices which are 
functional were not damaged due to ESD (electrostatic discharge) or EOS (electrical 
overstress) during the customization process. 


Static parametrictesting can not presently be performed on device programmers and 
therefore requires the use of automatic test equipment (ATE). Static parametric 
testing coupled with structured vector testing should provide the user an optimum 
test with a medium investment. 


Dynamic (ac) Testing 


Dynamic testing ensures that the PLD meets all the speed requirements of the 
design. A good ac test measures propagation delay time through all possible paths 
and, when coupled with functional and dc parametric testing, provides the ultimate 
PLD test. 


There are two types of ас testing to be considered: functional ac and measurement 
ac testing. Functional ac testing becomes a popular test method for PLDs. This 
method applies structured test vectors and sets strobes to ensure transitions occur 
with proper timing. Functional actesting performs a good job of simulating the actual 
design if structured vectors with good coverage are used. 


In contrast, measurement ac testing tests and measures all speed parameters 
utilizing all possible input and output combinations. This type of testing is typically 
only available from the factory as it requires another level of vector grading and 
dedicated engineering resources. 


Dynamic testing usually requires a large investment by the user in not only hardware, 
but also in engineering time in the development of extensive test programs, bench 
to tester correlation, load boards, vector software, etc... 


Texas Instruments performs extensive worst case code characterization prior to 
device release. Each device shipped from TI undergoes ac testing using the device's 
testrows andtest columns. Many users find post programming actest does not justify 
the payback in terms of a higher level of quality. 
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Why Test After Programming? 


Programming 


Handling 


Custom Function 


Test vs Rework 
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As previously discussed, verification of the fuse array following programming does 
not ensure total functionality; therefore, the user must determine what amount of 
testing is required after programming. The following concerns should be considered. 


Programming exposes the device to super voltages (up to 10.75 volts) and currents 
high enough to overstress devices. ТІ PLDs are designed to withstand these 
conditions, however, all leakage current parameters should be tested to eliminate 
the risk of electrical overstress. 


An uncalibrated programmer can expose devices to voltages/currents outside 
specified ranges. 


In addition to programming, most users designate their custom function which was 
programmed into the PLD through labeling or marking. The added handling required 
to program and customize the PLD increases the chances for ESD (electro-static 
discharge) damage unless strict adherence to ESD protection procedures is 
observed. 


ТІ goes to extreme measures to ensure device functionality and performance, 
however, each user design is a custom function and should be treated as such during 
final testing prior to application. 


Figure 6 compares the impact of testing on board rework and, consequently, man- 
ufacturing cost. This illustration compares notesting vs. functional and dc parametric 
testing. Using conservative figures for rework cost, the data shows rework cost due 
to untested PLDs can exceed one dollar per PLD used. A similar analysis of the 
user's application may show a cost savings which would result from testing after 
programming. 





Ноиге 6. 
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TI Programming And Test Services 


What services are offered by your PLD manufacturer? Texas Instruments provides 
its customers with a three phase service program which provides for programmed 
and tested PLDs of the highest quality (see Figure 7) direct from the factory or 
through ТІ5 authorized distributors. 


Factory Programmed and Tested PLDs 


ТІ has the capability to support run rates greater than 1 000 parts per code per month 
with factory programmed and tested PLDs. TI generates structured test vectors and 
performs 10096 functional, dc parametric, and ac testing on PLDs programmed to 
your custom logic function. Custom symbolization is also included in the factory 
programmed PLD flow, thereby delivering ship-to-stock and/or ship-to-WIP product. 


Impact Design and Services Centers 


Texas Instruments took the leadership role in the provision of program and test 
services to its customers by implementing the Impact Center approach in 1986. The 
Impact Centers offer the customer a local quick turn production resource with factory 
quality programming, marking, and testing on Tl owned and maintained equipment. 
Strict adherence to ТІ5 ESD protection guidelines is maintained. Production 
specifications remain under TI control and operations are continuously audited by 
TI. 


Endorsed Program and Test Centers 


An extension of the Impact Center philosophy, an endorsed center is a distributor 
funded program and test facility which meets or exceeds TI specifications. Each 
center has the capability to program, mark, and test PLDs. Production flows are 
approved to guarantee the user receives devices of ship-to-stock quality. The centers 
are audited biannually to ensure compliance. 


Tables 2 lists the TI Impact Centers. An updated listing for Endorsed Centers may 
be obtained through the TI PLD Bulletin Board (214) 997-5665, the TI PLD Hotline 
(214) 997-5666 or your local TI Sales Representative. 
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TI Programming Logic Services 


Custom ac 
Testing 
Custom dc 
Testing 
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Testing тее 
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Programmed 
PLDs 


ТІ Impact Design and Service Centers 





Less 
Than 
1K Less 
PPM Than 
10K 
PPM 
IMPACT or Distributor Unprogrammed 
Endorsed (Program only) PLDs 


Center 


Design and programming assistance is offered by Texas Instruments IMPACT™ 
Design and Service Centers. The centers are equipped with the latest in software and 
hardware tools for design, debugging, creating prototypes, and production on alocal 
basis. Supported by a professional engineering staff, the centers provide complete 
code development, device programming, symbolization, functional and static (dc) 


parametric testing. 


Anthem Electronics, Inc. 
1160 Ridder Park Drive 
San Jose, CA 95131 
(408) 453-2200 


Arrow/Schweber Electronics, Inc. 


17822 Gillett Avenue 
Irvine, CA 92714 
(714) 587-0404 


Arrow/Schweber Electronics, Inc. 


4250 River Green Parkway 
Suite E 

Duluth, GA 30131 

(404) 497-1300 


Hall-Mark Electronics Corp. 
1 Mauchly 

Irvine, CA 92715 

(714) 727-6000 


Hall-Mark Electronics Corp. 
6 Cook Street 

Pinehurst Park 

Billerica, MA 01821 

(508) 667-0902 


Anthem Electronics, Inc. 
373 Inverness Drive South 
Englewood, CO 80112 
(803) 790-4500 


Arrow/Schweber Electronics, Inc. 
1180 Murphy Avenue 

San Jose, CA 95131 

(408) 441-9700 


Arrow/Schweber Electronics, Inc. 
665 Spice Island Drive 

Sparks, NV 89431 

(800) 777-Arrow 


Hall-Mark Electronics Corp. 
2105 Lundy Avenue 

San Jose, CA 95131 

(408) 432-4000 


Hall-Mark Electronics Corp. 
11420 Pagemill Road 
Dallas, TX 75243 

(214) 553-4300 
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TI Impact Design and Service Centers (Continued) 
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Marshall Industries 
9320 Telestar 

Е Monte, CA 91731 
(818) 307-6208 


Marshall Industries 

33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 


Wyle Electronics Marketing Group 
5191 Oceanus 

Huntington Beach, CA 92649 
(714) 863-9953 


Wyle Electronics Marketing Group 
452 East 124th Avenue 

Thornton, CO 80241 

(803) 457-9953 





Marshall Industries 
336 Los Coches Street 
Milpitas, CA 95035 
(408) 942-4600 


Marshall Industries 
2045 Chenault Street 
Carrollton, TX 75008 
(214) 233-5200 


Wyle Electronics Marketing Group 
3000 Bowers Avenue 

Santa Clara, CA 95051 

(408) 727-2500 


Wyle Electronics Marketing Group 
1810 Greenville Avenue 

Dallas, TX 75081 

(214) 235-9953 
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IMPORTANT NOTICE 


Texas Instruments Incorporated (TI) reserves the right to make changes to its products or to 
discontinue any semiconductor product or service without notice, and advises its customers to 
obtain the latest version of relevant information to verify, before placing orders, that the 
information being relied on is current. 


ТІ warrants performance of its semiconductor products and related software to current 
specifications in accordance with Tl's standard warranty. Testing and other quality control 
techniques are utilizedto the extent Tl deems necessary to supportthis warranty. Specifictesting 
of all parameters of each device is not necessarily performed, except those mandated by 
government requirements. 


Please be aware that T! products are not intended for use in life-support appliances, devices, ог 
Systems. Use of Т! product in such applications requires the written approval of the appropriate 
TI officer. Certain applications using semiconductor devices may involve potential risks of 
personal injury, property damage, or loss oflife. In order to minimize these risks, adequate design 
andoperating safeguards should be provided by the customer to minimize inherent or procedural 
hazards. Inclusion of TI products in such applications is understood to be fully at the risk of the 
customer using TI devices or systems. 


ТІ assumes no liability for applications assistance, customer product design, software 
performance, or infringement of patents or services described herein. Nor does ТІ warrant or 
representthat any license, either express or implied, is granted under any patent right, copyright, 
mask work right, or other intellectual property right of TI covering or relating to any combination, 
machine, or process in which such semiconductor products or services might be or are used. 


Copyright € 1992, Texas Instruments Incorporated 


TRADEMARKS 
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Introduction 


Texas Instruments (Tl) is pleased to provide pertinent information to assist in qualifying your Ti Programmable Logic 
Devices (PLDs). Included is information on the steps TI takes to ensure quality of the PLD products. The following 
pages contains characterization data, packaging information, process, and die information for Т PLDs. 


The TI IMPACT-X™ family includes both 20- and 24-pin standard architectures available in three speed selections. 
The TIBPAL22V10-15C and programmable sequencers are also manufactured with IMPACT-X™ technology. The 
TIBPAL22V10-15C provides a more flexible architecture than the standard PLDs and has become a standard of its 
own. The programmable sequencers, TIBPSG507AC and ТЇВР! 5506АС, offer a unique architecture suited for large 
state machines and complex timing generators. 


The Texas Instruments High-Speed 1-шті CMOS technology is used for a zero power version of the popular '22V10 
architecture as well as our EPLD series which includes the EP330, EP630, and EP1830. These devices offer 
high-speed performance, low-power consumption, and superior design flexibility. 


All TI bipolar devices use a titanium-tungsten (TiW) fuse technology developed at TI in 1970 to improve programming 
reliability. Proven TiW construction essentially eliminates the tendency of a fuse to grow back by insulating it with a 
layer of titanium oxide. The CMOS products employ an EPROM type technology, using a FAMOS transistor as the 
programmable element. 


For moreinformation on TI's programmable logic family contact your local TI Field Sales Office, Authorized Distributor, 
or by calling Texas Instruments at (214) 997-5666. 
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PLD Average Outgoing Quality 


The quality of a product is its degree of conformance to its specified parameters. It pertains to the probability of 
defective units existing in a given lot of devices when received by the user. Although zero defects is the goal, the 
probability of some level of defective units still exists in any lot of mass produced items. The number of defective units 
received by the user is a function of the average outgoing quality achieved by the supplier. Tl's outgoing quality is the 
index that quantifies the average number of defective components in all the products supplied. Average outgoing 
quality is expressed in number of defective parts per million (ppm). 


TI monitors Average Outgoing Quality (AOQ) by the standard formula : 


# rejections 


9925 total # tested 


x (1-18В) 


where LRR is the Lot Rejection Ratio 


Each outgoing lot receives 100% static (dc), dynamic (ac), and functional guardbanded testing at room and high 
temperature prior to being lot acceptance (L/A) sampled and tested for conformance to published data book 
parameters. This L/Atesting generates the AOQ results discussed above. Contactthe factory forthe latest information 
to determine the current AOQ of programmable logic devices. 


4-8 








Quality and Reliability Assurance Programs 


Texas Instruments is committed to providing quality and reliable products and goes to great length to ensure this. This 
process includes full device characterization, qualification of new and changed processes, qualification of package 
and individual devices, full production testing, statistical sampie lot accept, and a reliability monitor program. 


The characterization of a new device is performed on at least three different die lots of material. The bipolar 
characterization includes material of extreme resistor tolerance as well as nominal values. These tests are over worst 
case conditions and test static (dc) parametrics, dynamic (ac) parametrics, programmability, and worst case ac code 
evaluation. 


Device fabrication, chip mounting materials, handling procedures, and leadframe construction all effect device 
reliability. These and many other areas of product manufacturing are continuously investigated and refined. A 
qualification must be performed on a new or changed manufacturing process, a new package or assembly process, as 
well as on each individual device type. This qualification procedure include the following reliability tests. 


Operating Life Test 


This is a test in which the devices are subjected to a high-temperature environment under bias. The 
temperatureis usually 125°C to 150°C. The bias can be either dynamic in which case the inputs and outputs 
are toggling; or static, where a constant voltage is applied to some or all of the pins. This test is used to 
accelerate failure mechanisms which are time and temperature dependent. in a short period of time it can 
simulate tong term device operation and determine early and intrinsic device failure rates. Some of the 
common failure mechanisms are surface charge accumulation, chargeinjection, dielectric breakdown, and 
intermetallic growth. 


Biased Humidity 


In this environmental test the subject device is exposed to high humidity and temperature conditions while 
having electrical bias applied to the circuit. This procedure is designed to measure the демсез 
susceptibility to electrolysis and electrolytic corrosion. Failure mechanisms enhanced as a result of bias 
humidity include: corrosion of the aluminum metallization on the die; silver, tin, or gold migration from the 
leadframe; and parametric failures related to ionic conduction at the die/package interface. The actual 
temperature and humidity combinations used can vary but one of the industry standards is 85°C and 85% 
relative humidity and is referred to as "85/85". With the recent agreement within the electronic industry of 
JEDEC Standard No. 22-A110 for Highly-Accelerated Temperature and Humidity Stress Test (HAST), the 
use of temperature accelerated (100°С to 140°С) humidity biased tests has become more prominent. 
These extreme conditions require special chambers and greatly accelerate the failure mechanisms. TI 
commonly uses the 130°С - 8590 relative humidity HAST test for qualification. This test has a 20 to 1 
acceleration factor over the more common "85/85" biased humidity test. 


Autoclave 


This environmental test of device reliability involves exposing the subject part to an atmosphere of 
high-temperature saturated steam under pressure (121°C, 100% relative humidity at 15 psig). Unlike the 
biased humidity test, no electrical bias is applied to the device and the test durations somewhat shorter. 
It indicates the susceptibility of the device to galvanic corrosion and therefore electromotive forces of the 
elements involved are of great concern. The chemical instability of the encapsulating material and its 


tendency to form electrolytes influence the number of failures that result from this test. 
AE 
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Temperature Cycling / Thermal Shock 


These reliability test are used to determine the thermomechanical compatibility of the materials used in 
device construction. These tests require cycling of the ambient temperature of the environment from a low 
point of -65°C to a high temperature of 150°C. These temperature extremes are not intended to simulate 
actual operation, but rather to exaggerate any faults that might exist. No bias is applied to the device. 
Temperature cycling uses a gas environment and thermal shock uses a liquid environment. 


Storage Life 


This test consist of storing units unbiased at 150°C for a period of time. The primary failure mechanism 
accelerated by this test is Kirkendal Voiding. 


Electrostatic Discharge (ESD) Test 


The ESD test is used to determine the electrostatic discharge sensitivity threshold of a device. The test 
consist of applying current pulses of known intensity and duration to individual pins of a device. The pin 
combinations stressed are in accordance with Mil-Std-883C Condition 3015.7 Notice 8. The units are 
electrically tested to determine the threshold voltage at which the parts are ESD sensitive. 


Data Retention 


This test is run on CMOS EPLD devices to test the integrity of the FAMOS transistors. Initially the FAMOS 
transistors of theunits are injected with a charge to bring them up to a certain voltage threshold. The units 
are then stored at 200°C for 1000 hours. The transistor threshold voltage is then measured for charge loss. 
Due to the high temperature this is performed on ceramic devices only. 


The following chart shows the minimum testing required for a standard qualification program of a new device in a 
qualified plastic encapsulated package per TI QSS 009-003. The minimum electrical endpoints for these test are the 
25°С ac/dc data book limits. 
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Biased Humidity 85°C / 85% RH 





+ 250 ПА, 


T CMOS Products Only 


Texas Instruments has implemented an accelerated qualification program in order to maintain a high standard of 
quality and provide its customers with timely introduction of new devices. This program flow can be used if the 
technology and package for a new device has been qualified through the standard flow. 


The following chart shows the minimum tests, conditions, endpoints, and sample size/accepted failures of an 
accelerated qualification. When this flow is used the test are normally run to standard qualification endpoints for 
additional information. 


Dynamic or Static, 150°C 416 HRS 129/0 
Operating Life Dynamic or Static, 125°C 168 HRS 129/0 
HAST 130°C / 85% RH 100 HRS 


Thermal Shock —65*C / 150°C 


Mil-Std-883C, Cond 3015.7 
Notice 8. Human Body Model 





+ CMOS Products Only 


In order to monitor the reliability of current released products, samples are pulled on a monthly basis from 
representative device families. These samples are stressed and tested on the following four reliability tests : 


125°C Operating Life 

85°C/85% RH Biased Humidity 
—65°С/150°С Temperature Cycling 
Autoclave 


The results of testing and failure analysis of any failures is compiled and reported оп a quarterly basis. For the current 


reliability information, please contact your local TI sales office or the TI technical support line а! (214) 007-5666. 
a Аааа ааа ааа л ааа ааа) 


4-11 





Package Symbolization 


Thetop-side symbolization of each TI device includes more than just a part number. Additional information, including 
the date of assembly, the die revision code, wafer lot number or tracer code, as well as manufacturing and assembly 
site information. This traceability, combined with wafer lot history and TI's ongoing reliability monitoring programs 
helps assure our customers of our commitment to produce the highest quality and most reliable programmable logic 
devices available today. 


The following symbolization diagrams show how to interpret the information on each package. 


PLCC PACKAGES 


! РУТЕ т! АЕ 
1 YWWCCCARF 20L8-5CFN WW - WEEK 
YWWCCARF CCC = TRACE CODE 


А = ASSEMBLY SITE 
R = DIE REVISION 
F = WAFER FAB 





DIP PACKAGES 


272727 = DIE LOT NO. 
22222 YWW#L Y = YEAR 
WW - WEEK 
# - DIE REVISION 

(X = NO REVISION) 
L = WAFER FAB CODE 


TIBPAL16L8-5CN 
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Process Information 


IMPACT-X 
(Implanted Advanced Composed Mask Technology) 
1. Process Technology: ........... Trench-Isolated Bipolar, 1.5 um minimum feature size, 
4 рт metal pitch 
2. Wafer Fabrication: ............. Houston Fab 1 (HFAB1) 
3. Assembly Location: ............ TI-Malaysia (DIP), 


TI-Philippines (PLCC), 
ТІ-Таімал (CDIP) 

4. Test Location: ................. TI-Malaysia (DIP), 
TI-Philippines (PLCC), 
TI-Taiwan (CDIP) 


5. Number of Metal Layers : ....... Two 
6. Content of Metallization : ........ 13 level - TIW, 2% США! 

219 level - ТМУ-А! 
7. Metal Thickness: .............. 18 level - 0.75 um 

219 level - 1.5 ит 
8. Minimum Line/Spacing Width :... 2 um width, 2 ит spacing 
9. Contact Dimensions (via's) : ..... 3 um 
10. Passivation Маепа!: ........... Low stress compressive nitride 
11. Passivation Thickness : ......... 10,000 Angstroms 
12. ESD Protection: ............... 2000 Volts 

CMOS 

1. Process Technology: ........... CMOS EPROM 1.0 um Double Level Metal 
2. Wafer Fabrication: ............. Lubbock (LMOS) 
3. Assembly Location: ............ ТІ-Маіаувіа (DIP), 


TI-Philippines (PLCC), 
ТІ-Таімап (CDIP) 

4. TestLocation: ................. Tl-Malaysia (DIP), 
TI-Philippines (PLCC), 
ТІ-Таімал (СОР) 


5. Number of Metal Layers: ....... Two 
6. Content of Metallization : ........ 19! level - Ti, TW, 2% США! 
279 level - ТМ/-2% США! 
7. Metal Thickness: .............. 19 level - 0.8 um 
219 level - 1.05 um 
8. Minimum Line/Spacing Width : ... 1 um width, 1 ит spacing 
9. Contact Dimensions (via's) : ..... 0.5 um 
10. Passivation Material: ........... PECVD oxy-nitride 
1. Passivation Thickness : ......... 12,000 Angstroms 
12. ESD Protection : ............... 2000 Volts 
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20-рт 5-ns IMPACT-X PLDs 


Devices included in this section: 


TIBPAL16L8-5C 
TIBPAL16R4-5C 
TIBPAL16R6-5C 
TIBPAL16R8-5C 
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DEVICE INFORMATION 
20-pin 5-ns IMPACT-X PLDs 


1. Technology ................... IMPACT-X 

2. Package Types: ............... 20-pin plastic DIP, 
20-pin plastic PLCC 

3. Last Die Revision .............. X (None) 

4. Ваг5 6: «vertes 1618: 85 х 107 mils 


1684: 93 x 107 mils 

16R6 : 93 x 107 mils 

1688 : 93x 107 mils 
5. Still Air Thermal Impedance : 


PDIP PLCC 


6. Roya with Air Ном: 


FPM PDIP PLCC 


51.7 












250 | ero | 646 | 
so | 463 | $17 | 
тво 46 | |] 
woo | 403 | | 





447 





QUALIFICATION INFORMATION 
The TIBPAL16XX-5 devices are qualified using the accelerated qualification program.The following summaries give 
therequired tests and results for each device and any additional test performed for additional data. With this particular 


device family, the TIBPAL16XX and the TIBPAL20XX parts are essentially the same die so the data for these two 
families are the same. 


16L8-5 and 20L8-5 


Required Tests and Results for TIBPAL16L8-5 and TIBPAL20L8-5 


Device Type: 20L8-5 
Package Type: 24 pin PDIP 
Date Code: 944XF 
Die Lot Number: 361 
EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°С Dynamic Op.Life 129/1 416 HRS 129/0 
125°С Dynamic Op-Life 129/1 168 HRS 128/01 1000 НА$ 128/0 
130°С/85% ВН НАЗТ 760 500 НН5 76/0 
—65°С/150°С Thermal Shock 129/1 500 СУС 129/0 
ESD 3/0 2000 V 3/0 


Additional Qualification Tests and Results for TIBPAL16L8-5 and TIBPAL20L8-5 


Device Type: 20L8-5 
Package Type: 24 pin PDIP 
Date Code: 009ХЕ 


Die Lot Numbers: 02332, 29314, and 35505 


TEST ENDPOINT RESULTS 

150*C Dynamic Op-Life 416 HRS 201/22 

125°C Dynamic Op-Life 1000 HRS 201/0 

130°C/85% RH HAST 200 HRS 201/0 

—65*C/150*C Thermal Shock 1000CYC 201/0 

ESD 2000 V 3/0 
16R4-5 and 20R4-5 


Required Tests and Results for TIBPAL16R4-5 and TIBPAL20R4-5 


Device Type: 20R4-5 
Package Type: 24 pin PDIP 
Date Code: 048XF 

Die Lot Number: 28933 
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Required Tests and Results for TIBPAL16R4-5 and TIBPAL20R4-5 (continued) 


TEST 

125°С Dynamic Op-Life 
130°С/85% RH HAST 
—65°С/150°С Thermal Shock 
ESD 


SS/F 
129/1 
129/1 
129/1 
3/0 


ENDPOINT 
1000 HRS 
100 HRS 
1000 CYC 
2000 V 


EXTENDED 

RESULTS READPOINT RESULTS 
128/13 2000 HRS 128/0 
129/0 

129/0 

6/0 


16R6-5 and 20R6-5 


Required Tests and Results for TIBPAL16R6-5 and TIBPAL20R6-5 


Device Type: 20R6-5 
Package Type: 24 pin PDIP 
Date Code: 9122 

Die Lot Number: 1127109 

TEST 55/Е 
125*C Dynamic Op-Life 129/1 
130*C/8596 RH HAST 129/1 
—65°С/150°С Thermal Shock 129/1 
—65°С/150°С Тетр Сусе 129/1 
ЕЗО 3/0 


ЕМОРОМТ 
1000 HRS 
100 HRS 
1000 CYC 
1000 CYC 
2000 V 


EXTENDED 
RESULTS READPOINT RESULTS 
129/0 
127/04 
129/0 
129/0 
3/0 


16R8-5 and 20R8-5 


Required Tests and Results for TIBPAL16R8-5 and TIBPAL20R8-5 


Device Type: 20R8-5 
Package Type: 24 pin PDIP 
Date Code: 048XF 

Die Lot Number: 0289233 


TEST 

150*C Dynamic Op.Life 
125*C Dynamic Op.Life 
130°С/85% RH HAST 
—65°С/150°С Thermal Shock 
—65°С/150°С Temp Cycle 
ESD 

Autoclave 


SS/F 
129/1 
129/1 
129/1 
129/1 
129/1 
3/0 
76/0 


ENDPOINT 
416 HRS 
168 HRS 
200 HRS 
200 CYC 
1000 CYC 
2000 V 

240 HRS 


EXTENDED 
RESULTS READPOINT RESULTS 
129/0 1000 HRS 129/0 
129/0 1000 HRS 129/0 
129/0 
129/0 
129/0 
3/0 
76/0 
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Additional Qualification Tests and Results for TIBPAL16R8-5 and TIBPAL20R8-5 


Device Type: 20R8-5 
Package Type: 24 pin PDIP 
Date Code: 106XF 


Die Lot Numbers: 0289233, 0310676, and 1 011759 


TEST ENDPOINT RESULTS 

150°C Dynamic Op-Life 416 HRS 400/19 

125°C Dynamic Op-Life 1000 HRS 400/0 

85°C/85% RH Biased Humidity 1000 HRS 201/0 

-65%С/150%С Temp Cycle 1000 CYC 201/14 

ESD 2000 V 3/0 

1. 1 unit received EOS damage due to reverse socket insertion - removed from population. 
2. Failure determined to be caused by ESD/EOS, source unknown. TI FA Report # D12-00531 
3. Failure determined to be caused by reverse socketing. ТІ FA Report # D12-00662 

4. 2units mechanically damaged beyond repair – unable to test – removed from sample. 
5. Failure caused by mechanical damage of 1st level metal. ТІ FA Report # D13-00004 

6. Failure analysis results conclude interlevel oxide crack caused metal-1 to metal-2 short. 


TI FA Report # D13-00010 
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CHARACTERIZATION INFORMATION 


TIBPAL16L8-5C 
TIBPAL16R8-5C 
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TIBPAL16L8-5C 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


Icc- Supply Current -- тА 





-75 -50 -25 0 25 50 75 100 125 
TA - Free-Air Temperature — “С 





ФИН -Ргорадайоп Delay Time, Low to High — ns 


РНЕ -Propagation Delay Time, High to Low — ns 





TIBPAL16L8-5C (continued) 


PROPAGATION DELAY TIME 
Прон from I, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
А = 2000 
A2 = 200 0 





25 50 76 
ТА - Free-Alr Temperature - °C 


PROPAGATION DELAY TIME 
(рн from |, VO to О, VO) 
vs 


FREE-AIR TEMPERATURE 
Усс = 4.76 V 


Я1 = 200 0 
A2 = 200 Q 





25 50 75 
TA - Ғгее-Аіг Temperature – °C 


100 


ТРЪН — Propagation Delay Time, Low to High – ns 


tPHL -Propagation Delay Time, High to Low - ns 





PROPAGATION DELAY TIME 
(ќрін from I, UO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


= 90% Point 


25 50 75 100 
ТА - Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(рн, from I, VO to O, VO) 
vs 


FREE-AIR TEMPERATURE 





25 50 75 100 
TA — Free-Alr Temperature — °C 





WELCOME NLIS ENERO ___--- ___-_-- __ Рој _<- -  - _— .“ Ааа а асаа 
TIBPAL16L8-5C (continued) 


DISABLE TIME DISABLE TIME 
(tpi z from І, ИО to О, ИО) (брі? from I, ИО to О, VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 475 V D = 10% Point 
AT = 2000 AE Mean 


Voc = 5.25 V О = 10% Point 
Р1 = 2000 А = Меап 


О =90% Point 


О =90% Рот 


tpLZ – Disable Time from Low Level — ns 
{рі 2 — Disable Time from Low Level – ns 





TA - Free-Alr Temperature -“С TA - Free-Alr Temperature – °С 
DISABLE TIME DISABLE TIME 
(tpyz from |, ИО to O, VO) (tpuz from |, ИО to O, VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 4.75 V n = 10% Point 
ВТ 2000 о Меат 


= 90% Polnt 


О - 1090 Point 





'PHZ – Disable Time from High Level – ns 
{РНЕ – Disable Time from High Level – ns 





R1 = 2000 
В2 = 200 Q Ar Mean 
Сі =5 pF О =90% Point 
0 25 50 75 100 
TA – Free-Alr Temperature - °С ТА - Free-Alr Temperature - °С 
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tpzL – Enable Time to Low Level — ns 


tpzH – Enable Time to High Level – ns 
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TIBPAL16L8-5C (continued) 


ENABLE TIME 
(рд from |, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V О =10% Point 


В1 = 2000 


А =Меап 
О =90% Point 





ТА —Free-Alr Temperature - °С 


ENABLE TIME 
Прон from 1, WO to O, UO) 


мъ 
FREE-AIR TEMPERATURE 
R122000 


R2 = 200 Q 
CL = 50 pF 


D = 10% Point 
А - Меап 
О =90% Point 


25 50 75 
ТА – Free-Alr Temperature – °С 





{рат – Enable Time to Low Level – ns 


ТРОН – Enable Time to High Level — ns 


100 


ENABLE TIME 
(рг from I, ИО to O, VO) 
vs 
FREE-AIR TEMPERATURE 


О = 10% Рони 
А - Меап 
О =90% Рог! 








TA —Free-Alr Temperature – °С 


ENABLE TIME 
брхн from |, ЏО to O, VO) 


vs 
FREE-AIR TEMPERATURE 
R122000 


R2 = 2000 
Сі = 50 pF 


с = 10% Point 
А = Меап 
О =90% Point 





TA ~ Free-Air Temperature – °С 





tPLZ – Disable Time from Low Level — ns 


TIBPAL16R8-5C 


2 DISABLE TIME (117) | DISABLE TIME (tpp2) 
OET to Q with 8 Outputs Switching In Phase OET to @ with 1 Output Switching 
vs vs 
LOAD CAPACITANCE LOAD CAPACITANCE 


Voc = 5.25 М 
R1 = 200 Q 
R2 = 200 0 
ТА = 80 °С 
f=1 MHz 

FN Package 


tpHz – Disable Time from High Level – ns 





5 0 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
CL - Load Capacitance - pF CL - Load Capacitance — pF 
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оон EOS ЛИЛАВ 
TIBPAL16R8-5C (continued) 


CLOCK FREQUENCY, CLOCK FREQUENCY, 
(Outputs Switching in Phase) (Outputs Switching In Phase) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


220 220 


No Feedback О = 1 Output Switching No Feedback D = 1 Output Switching 


Усс =5V А =4 Outputs Switching 








Voc =5V А = 4 Outputs Switching 





R1 = 200 0 В1 = 2009 

м 200| R2 = 200 Q — © -8 Outputs Switching м 200 | R2 = 2000 — © -8Ошрив Switching 
Е РЕ Е Сі = 50 pF 
1 де | FN Package 
> 180 > 180 
2 е 
1 Ж 
È 160 Ї 160 
ж ж 
о о 
2 2 
Ф 140 9 140 
ж x 
i i 

120 120 

100 100 

0 25 59 75 109 
TA – Ргее-Аіг Temperature – °С ТА – Free-Alr Temperature – °С 
CLOCK FREQUENCY, CLOCK FREQUENCY, 
(Впагу Counter СопЯдига оп) (Binary Counter Configuration) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


D = 1 Output Switching 
А = 4 Outputs Switching 
© =8 Outpute Switching 


O =1 Output Switching 
А = 4 Outputs Switching 
© =8 Outputs Switching 





м м 

г = 

: : 

1 

> > 

2 2 

1 1 

ш ш 

х х 

o o 

2 2 

о о 

! Internal I Internal 

Ч Feedback Ч Feedback 

Ё Усс =5\ Ё Усс =5У 
R1 = 200 Q R1 = 200 Q 
R2 = 200 Q R2 = 2000 
Сі = 50 pF С; = 50 pF 
М Раскаде ЕМ Раскаде 

TA – Free-Air Temperature – "С ТА – Егее-А г Temperature – °С 
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tsu – Setup Time – ns 


{РЕН — Propagation Delay Time, Low to High – ns 


TIBPAL16R8-5C (continued) 


SETUP TIME HOLD TIME 
(With 8 Outputs Switching in Alternate Direction) (With 8 Outputs Switching In Same Direction) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 


В1 = 200 Q 


R2 = 200 Q 
-121 Сі = 50 pF 
ТА = 80 °С 
f = 20 MHz 
-14| ЕМ Package 





th – Hold Time – ns 
1 
о 














Voc = 5.25 М -1.8 
R1 = 200 Q 
R2 = 200 Q 
CL =50 pF 2 
ТА = 80 °С Е 9 
f = 20 MHz 
ЕМ РасКаде 
-2.2 
16 
Sheet Resistance - КО Sheet Resistance - КО 
PROPAGATION РЕГАҮ TIME, CLK to Q PROPAGATION DELAY TIME, CLK to Q 
(With 8 Outputs Switching In Same Direction) (With 1 Output Switching) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 





Voc = 5.25 V 
R1 = 2000 
151 бг - 2000 
CL = 50 pF 
ТА =0°С 
f = 10 MHz 
FN Package 





Усс = 4.75 М Ta =80°C 
Яі = 2000 fz 10 MHz 
В2 = 2000 ЕМ РасКаде 
CL = 50 pF 


- 


{РІН – Propagation Delay Time, Low to High — ns 
N 





16 17 18 19 20 21 22 23 24 
Sheet Resistance - КО Sheet Resistance - КО 
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РНЕ -Propagation Delay Time, High to Low — ns 


tpLz – Disable Time from Low Level – ns 





TIBPAL16R8-5C (continued) 


PROPAGATION DELAY TIME, CLK to Q 
(With 8 Outputs Switching п Same Direction) 
vs 
SHEET RESISTANCE 





Sheet Resistance - КО 


DISABLE TIME, ОЕТ to Q 
(With 8 Outputs Switching in Same Direction) 
vs 
SHEET RESISTANCE 


Усс = 5.25 М ТА = 80 °С 
А1 =2000 fz1MHz 
R2 = 2000 ЕМ Раскаде 


16 17 18 19 20 21 22 23 24 
Sheet Resistance – КО 


{РНЕ -Ргорадабоп Delay Time, High to Low — ns 


!PLz – Disable Time from Low Level - ns 





PROPAGATION DELAY TIME, CLK to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Усс = 4.75 М 
А1 = 2000 
R2 = 2000 
Сі = 50 pF 
ТА =0 °C 

f = 10 MHz 
FN Package 





Sheet Resistance — КО 


DISABLE TIME, OET to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 











Sheet Resistance — КО 
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ТРН2 – Disable Time from High Level — ns 


= 
№ 


ç 


2.8 


2.6 





TIBPAL16R8-5C (continued) 


DISABLE TIME, OET to Q 


(With 8 Outputs Switching In Same Direction) 


vs 
SHEET RESISTANCE 


Усс = 4.75 V 
Ri = 200 0 


R2 = 2000 
Сі = 50 pF 
ТА = 80 °С 





FN Package 


17 18 19 20 21 22 
Sheet Resistance - КО 


{РНЕ – Disable Time from High Level — ns 





DISABLE TIME, ОЕТ to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Voc = 5.25 V 
Ri = 200 Q 
R2 = 200 Q 
CL = 50 pF 
TA 20*C 
fz1MHz 

FN Package 


17 18 19 20 21 22 23 24 
Sheet Resistance - КО 
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tpzL – Enable Time to Low Level -ns 


'PZH – Enable Time to High Level — ns 
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TIBPAL16R8-5C (continued) 


ENABLE TIME, OE! to Q 
(With 8 Outputs Switching In Same Direction) 
vs 
SHEET RESISTANCE 


Sheet Resistance - КО 


ENABLE TIME, OE! to а 
(With 8 Outputs Switching In Same Direction) 
vs 
SHEET RESISTANCE 


Сі = 50 pF 
ТА = 80 °С 
t= 1 МН2 
ҒМ РасКаде 


16 17 18 19 20 21 22 23 24 
Sheet Resistance – КО 


'PZL – Enable Time to Low Level — ns 


tpzH — Enable Time to High Level — ns 








ENABLE TIME, ОЕ to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 2000 
Сі = 50 pF 
Тд= 0 °С 


17 18 19 20 21 22 23 24 
Sheet Resistance — КО 


ENABLE TIME, OE! to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Voc = 5.25 V 
R1 = 200 0 
R2 = 200 Q 
Сі = 50 pF 
ТА =0 °С 
fz1MHz 

FN Package 


Sheet Resistance — КО 





20-рт 7-ns IMPACT-X PLDs 


Devices included in this section: 


TIBPAL16L8-7C 
TIBPAL16R4-7C 
TIBPAL16R6-7C 
TIBPAL16R8-7C 
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DEVICE INFORMATION 
20-pin 7-ns IMPACT-X PLDs 


1. Тесһпоіоду.................... ЇМРАСТ-Х 

2. Package Types: ............... 20-pin plastic DIP, 
20-pin plastic PLCC 

3. LastDieRevision .............. X (None) 

4. BarSie ...................... 107 x 96 mils 


5. Still Air Thermal Impedance : 


PDIP PLCC 


6. Rega with Air Ном: 


FPM PDIP PLCC 


[755 [#22 | 
сто | ose | 


ТЕСЕ БЕНЕН 
| 409 | | 


This device is from the same master die as the TIBPAL20XX-7 апа TIBPAL2OXX-10 devices. Therefore the 
Qualification and characterization data are the same. 
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QUALIFICATION INFORMATION 


The TIBPAL16XX-7, ТЇВРАГ20ХХ-7, and TIBPAL20XX-10 devices are qualified using the accelerated qualification 
program. The following summaries give the required tests and results for this device family as well as any additional 
test performed for additional data. 


Required Tests and Results for TIBPAL16XX-7, TIBPAL20XX-7, and TIBPAL20XX-10 


Device Types: 20R6-7, 20R8-7, and 20L8-7 
Package Type: 24 pin PDIP 
Date Codes: 935XF, 935XF, and 939XF 


Die Lot Numbers: 15080, 14508, and 20604 


EXTENDED 
TEST 55/Е ЕМОРОМТ RESULTS READPOINT RESULTS 
150*C Dynamic Op-Life 129/1 416 HRS 287/0 
125°С Dynamic Op-Life 129/1 168 HRS 257/0 1000 HRS 2570 
130°C/85% RH HAST 129/1 100 HRS 258/0 
—65°С/150°С Thermal Shock 129/1 100 СҮС 129/0 1000 СҮС 129/0 
—65°С/150°С Тетр Сус!е 77/1 100 СҮС 77/0 1000 СҮС 77/0 
ESD 3/0 2000 V 3/0 


Additional Qualification Tests and Results for TIBPAL16XX-7, TIBPAL20XX-7, and 
TIBPAL20XX-10 


Device Type: 16R4-7 
Package Type: 20 pin PDIP 
Date Code: 922XF 
Die Lot Numbers: 08980, 09343, and 09344 
EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°C Dynamic Op-Life 129/1 384 HRS 201/0 1000 HRS 201/0 
125°C Dynamic Op-Life 129/1 168 HRS 201/0 1000 HRS 201/0 
130°С/85% RH HAST 129/1 100 HRS 199/01 
—65°С/150°С Thermal Shock 77/1 200 СҮС 201/0 
ESD 3/0 2000 V 3/0 


1. 2units mechanically damaged beyond repair - unable to test - removed from sample. 





CHARACTERIZATION INFORMATION 


TIBPAL16L8-7C 
TIBPAL16R4-7C 
TIBPAL16R6-7C 
TIBPAL16R8-7C 
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tPLH - Propagation Delay Time, Low to High — ns 


{РНЕ -Ргорадайоп Delay Time, High to Low — ns 





TIBPAL16L8-7C 


PROPAGATION DELAY TIME 
(їр н from I, VO to O, VO) 


үз 
ЕВЕЕ-АН TEMPERATURE 


Voc = 4.75 V 
В1 = 200 Q 


= 10% Ројт 
А =Меап 
О =90% Point 


25 50 75 100 
TA ~ Free-Alr Temperature – °С 


PROPAGATION DELAY TIME 
(їрні from I, ИО to O, VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 475 V 
Al = 2000 


О = 1090 Polnt 
А - Меап 
О =90% Point 





ТА – Free-Air Temperature -°C 


tPLH - Propagation Delay Time, Low to High — ns 


{РНЕ -Propagation Delay Time, High to Low – ns 











PROPAGATION DELAY TIME 
(tpLH from I, ИО to O, VO) 
vs 
FREE-AIR TEMPERATURE 


Q =10% Point 
А = Меап 
О =90% Point 


TA —Free-Alr Temperature – °C 


PROPAGATION DELAY TIME 
(tpuL from І, VO to О, VO) 


vs 
FREE-AIR TEMPERATURE 





О = 10% Point 
А = Меап 
О =90% Рони 


TA — Free-Air Temperature — °C 
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'PLZ – Disable Time from Low Level – ns 


'PHZ – Disable Time from High Level — ns 
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TIBPAL16L8-7C (continued) 


PROPAGATION DELAY TIME 
(tpLz from |, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
R1 = 2000 
A2 = 3900 


D =10% Роми 
А - Меап 





ТА – Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(рн2 from |, ИО to O, ИО) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 
R2 = 3900 
с =5 pF 


D =10% Polnt 
А - Меап 
О =90% Point 





25 50 75 100 


TA – Free-Alr Temperature - °С 


tpLZ – Disable Time from Low Level — ns 


РНР – Disable Time from High Level – ns 








PROPAGATION DELAY TIME 
(tpLz from I, ИО to O, UO) 
vs 


FREE-AIR TEMPERATURE 


Voc = 5.25 У 
R1 = 200 Q 
В2 = 390 Q 


ТА – Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(рн? from I, /О to О, VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 5.25 V 
А1 = 2000 
R2 = 390 Q 
Сі = БРЕ 


25 50 75 100 
ТА —Free-Alr Temperature – °С 


tpzL - Enable Time to Low Level – ns 


!PZH – Enable Time to High Level – ns 





TIBPAL16L8-7C (continued) 


PROPAGATION DELAY TIME 
(їр from I, ИО to O, VO) 


vs 
FREE-AIR TEMPERATURE 


D =10% Рот 
А - Меап 
О = 90% Point 


75 
TA - Free-Alr Temperature -“С 





PROPAGATION DELAY TIME 
(tpzy from |, ИО to O, КО) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 У 
R1 = 200 Q 








О =10% Point 
А - Меап 
о = 90% Polnt 








TA - Free-Air Temperature – °С 


'PZL – Enable Time to Low Level – ns 


tpzH — Enable Time to High Level — ns 








PROPAGATION DELAY TIME 
(ра. from |, МО to O, VO) 


vs 
FREE-AIR TEMPERATURE 


О = 10% Point 


R2 = 390 0 А = Mean 
СІ = 50 pF О = 90% Point 


25 50 75 100 
ТА - Free-Alr Temperature — °С 


PROPAGATION DELAY TIME 
(рін from |, VO to O, VO) 
vs 


FREE-AIR TEMPERATURE 
Voc = 5.25 V 


R1 = 200 Q 
R2 = 3900 


TA - Free-Air Temperature – °С 
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TIBPAL16R4-7C 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(рін from |, ИО to VO) (tpi н from |, ИО to 10) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Усс = 475 V Voc = 5.25 V 
R1 = 2000 


R2 = 390 Q 








О =10% Роми 


{РЕН — Propagation Delay Time, Low to High — ns 
ІРІН – Propagation Delay Time, Low to High — ns 





А -Mean 
О =90% Point 
ТА – Free-Alr Temperature – °C ТА - Free-Alr Temperature – °С 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(ерни from I, VO to VO) (рн: from |, /О to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 





{РНЕ —Propagation Delay Time, High to Low – ns 
{РНЕ -Propagation Delay Time, High to Low — ns 


Пп z1096Polnt nec son У 
5 = о 
& Mean R2 = 390 Q 
© = 90% Point CL = 50 pF 
0 25 50 75 100 0 25 50 75 100 


TA - Free-Alr Temperature - °С TA – Free-Alr Temperature – °C 
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TIBPAL16R4-7C (continued) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpz from I, ИО to ИО) При; from |, I/O to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Усс = 4.75 V с = 1090 Point 
RT = 2000 Е 
R2 = 390 Q Ban Mean 


Усс = 5.25 V Б = 10% Point 
Ri = 2000 3 
R2 = 390 Q A c Mean 


О =90% Point 


О =90% Ројт 


tPLZ – Disable Time from Low Level — ns 
tPLZ – Disable Time from Low Level – ns 





TA – Free-Alr Temperature – °C TA — Free-Alr Temperature — °С 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpyz from I, ИО to VO) (tpuz from |, /О to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


D =10% Point 


{РНЕ – Disable Time from High Level – ns 
{РНР – Disable Time from High Level — ns 





R2 = 390 0 & = Men 
Сі < 5 pF О =90% Point 
0 25 50 75 100 
TA - Free-Alr Temperature – °С ТА - Free-Air Temperature – °С 
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tpzL – Enable Time to Low Level — ns 


ТРОН – Enable Time to High Level – ns 





TIBPAL16R4-7C (continued) 


PROPAGATION DELAY TIME 
Ира from |, WO to ИО) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
А1 = 2009 


О = 10% Point 


R2 = 390 Q А -Меап 
CL = 50 pF О = 80% Point 


25 50 75 100 
TA —Free-Air Temperature – °C 


PROPAGATION DELAY TIME 
({рун from |, ИО to VO) 


vs 
FREE-AIR TEMPERATURE 
R1 = 2000 


R2 = 390 0 
Сі = 50 pF 


о =10% Point 
А =Меап 
О =90% Point 





TA - Free-Alr Temperature - °С 


921 - Enable Time to Low Level – ns 


'PZH — Enable Time to High Level — ns 





PROPAGATION DELAY TIME 
(іргі from |, МО to VO) 


vs 
FREE-AIR TEMPERATURE 


a 
А - Меап 
О =90% Рони 


25 50 75 100 
TA - Free-Alr Temperature —°С 


PROPAGATION DELAY TIME 
бр?н from |, ИО to VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 5.25 V 
R1 = 2009 
R2 = 390 Q 
Сі 50 pF 


О =10% Point 
А = Меап 





TA – Free-Air Temperature – °C 
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TIBPAL16R4-7C (continued) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(рін from CLK to Q) рін from CLK to Q) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


О =10% Point 
А - Меап 
О =90% Point 


Voc = 4.75 V D = 10% Point 
А1 = 2000 = 
R2 = 390 0 ај 


О =90% Point 





{РІ Н – Propagation Delay Time, Low to High - ns 
{РЕН – Propagation Delay Time, Low to High — ns 





ТА —Free-Alr Temperature — “С TA - Free-Air Temperature — °С 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpy_ from CLK to Q) брн from CLK to О) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 





'PHL -Propagation Delay Time, High to Low – ns 
{РНЕ -Propagation Delay Time, High to Low — ns 


Усс = 4.75 V D = 10% Роми Meg 5 Хүн у О =10% Point 
R1 = 2000 M z [e] E 
R2 = 390 Q 4 = Mean R2-3900 А = Меап 
Сі = 50 pF О = 90% Point Сі = 50 pF O 9096 Point 
0 25 50 75 190 0 25 50 75 100 


TA - Free-Alr Temperature - °С TA - Free-Alr Temperature - °С 
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о I SGT eR VP ERE Ic ле 
TIBPAL16R4-7C (continued) 


tpLz — Disable Time from Low Level — ns 


'pHz – Disable Time from High Level - ns 


PROPAGATION DELAY TIME 
(ірі from OE} to Q) 
vs 


FREE-AIR TEMPERATURE 


Voc = 4.75 У 
Ri = 200 Q 
R2 = 390 Q 





TA —Free-Alr Temperature — °С 


PROPAGATION DELAY TIME 
(tpuz from ОЕ! to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V D = 10% Point 
Ri = 200 Q À c Mean 


R2 = 390 Q 
О =90% Point 





TA —Free-Alr Temperature — °С 


tpLz – Disable Time from Low Level – ns 


'PHZ – Disable Time from High Level — ns 


PROPAGATION DELAY TIME 
(tpLz from OE to О) 


м5 
FREE-AIR TEMPERATURE 
Усс = 5.25 V 


R1 = 2000 
R2 = 3900 


D = 10% Point 
А - Меап 
О =90% Рог! 





ТА – Free-Alr Temperature – °С 


PROPAGATION DELAY TIME 
(tpyz from ОЕ to Q) 


vs 
FREE-AIR TEMPERATURE 


D =10% Point 
А = Меап 
О =90% Point 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 390 0 





ТА - Free-Alr Temperature – °С 
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tPZL – Enable Time to Low Level – ns 


tpzH — Enable Time to High Level – ns 








TIBPAL16R4-7C (continued) 


PROPAGATION DELAY TIME 
(рг from ОЕТ to Q) 
vs 
FREE-AIR TEMPERATURE 





О =10% Point 


R2 = 390 O а = Mean 
Сі = 50 pF O = 90% Point 


25 50 75 100 
TA —Free-Alr Temperature — °С 


R1=200 Q 


PROPAGATION DELAY TIME 
(рун from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Vcc = 4.75 V D = 10% Рот 
А - Меап 
О =90% Рот 





ТА – Free-Air Temperature — °С 


tpZL – Enable Time to Low Level – ns 


'PZH – Enable Time to High Level — ns 








PROPAGATION DELAY TIME 
(іргі from OET to 0) 


vs 
FREE-AIR TEMPERATURE 











Voc = 5.25 V 
R1 = 200 Q 
В2 = 3900 
Сі = 50 pF 
25 50 75 100 
TA — Free-Alr Temperature – °C 


PROPAGATION DELAY TIME 
(ртн from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 5.25 V О =10% Point 
В1 = 200 0 А = Mean 


Р2 = 3900 
Сі = 50 pF О = 90% Point 








TA – Ргөе-Аіг Temperature – °С 
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TIBPAL16R6-7C 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
Срън from |, ИО to VO) (tpi н from І, ИО to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Усс = 5.25 V 


Усс = 4.75 V 
Ri = 2000 


А1 = 200 Q 
R2 = 390 Q 





ТРЪН — Propagation Delay Time, Low to High — ns 
tPLH – Propagation Delay Time, Low to High – ns 





О = 10% Ром! = 10% Polnt 
А - Меап с Меап 
О =90% Point = 90% Point 
0 25 50 75 190 0 25 50 75 100 
TA – Free-Alr Temperature - °С ТА – Free-Alr Temperature – °C 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
({Рнь from |, ИО to VO) (рн from |, ГО to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


{РНЕ -Propagation Delay Time, High to Low — ns 
{РНЕ -Propagation Delay Time, High to Low — ns 





кес 2 me У D = 10% Роми мес 5 22 У D =10% Point 
R2 = 390 0 4 = Mean R2 = 390 Q A - Mean 
CL = 50 pF О = 90% Point Сі = 50 pF О = 90% Point 
0 25 50 75 100 0 25 50 75 100 
TA - Free-Alr Temperature — °С ТА - Free-Air Temperature - °С 
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1р1 7 – Disable Time from Low Level – ns 


'PHZ ~ Disable Time from High Level – ns 











TIBPAL16R6-7C (continued) 





PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(брі? from I, ИО to ИО) (tpi z from I, ИО to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
Voc = 4.75 V Voc = 5.25 V 
А1 = 2000 R1 = 2000 
В2 = 390 Q Ё R2 = 3900 
л CL =5 pF 
° 
š 
- 
z 
o 
- 
Е 
+ 
Е 
9 
в 
а 
1 
О -1096Polnt N а =10% Point 
А - Меап Е А = Меап 
О =90% Point О =90% Point 
ТА – Free-Alr Temperature - °C ТА - Free-Alr Temperature - °С 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(рн? from І, ИО to VO) (tpuz from I, ИО to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


tPHZ – Disable Time from High Level — ns 





Усс 2 хоё у О = 10% Point с =10% Роми 
R2 = 390 0 А - Меап А - Меап 
CL =5 pF О =90% Point О =90% Point 
0 25 50 75 100 0 25 50 75 100 
TA - Free-Alr Temperature -°C TA - Free-Alr Temperature — “С 
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TIBPAL16R6-7C (continued) 


PROPAGATION DELAY TIME 
(Пру from I, ИО to ИО) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
В1 = 2000 


О = 10% Point 


R2 = 3600 Ага Mean 
CL = 50 pF О =90% Point 


0 25 50 75 100 
ТА – Free-Alr Temperature — °С 


tPZL - Enable Time to Low Level – ns 





PROPAGATION DELAY TIME 
Прон from 1, VO to VO) 


vs 
FREE-AIR TEMPERATURE 


B =10% Point 
А = Меап 
О =90% Point 


0 25 50 75 100 
TA – Free-Alr Temperature - °C 


'PZH - Enable Time to High Level — ns 
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tpzL – Enable Time to Low Level — ns 


'PZH – Enable Time to High Level — ns 


PROPAGATION DELAY TIME 
(tpz from |, ИО to UO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 М 
Р1 = 2000 
В2 = 390 Q 
Сі = 50 pF 


25 50 75 
ТА —Free-Alr Temperature — °С 


А = Меап 





PROPAGATION DELAY TIME 
(їрун from I, ИО to UO) 


vs 
FREE-AIR TEMPERATURE 





О =10% Point 


О =90% Point 


100 


Voc = 5.25 V О = 10% Point 


R1 = 2000 

R2 = 390 0 

Сі = 50 pF 
25 50 75 

Ta – Ргее-А!г Temperature - °С 


А - Меап 





О =90% Рош! 


100 


Басады аі ы шини GIT ы, ___- ааа A ил ұжы Ат NN) 
TIBPAL16R6-7C (continued) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(рін from CLK to Q) (їр н from CLK to Q) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 4.75 V О = 10% Point 
R1 = 200 0 А =Меап 


Voc = 5.25 V D =10% Рот 
Р1 = 200 Q А = Меап 
R2 = 3900 


О =90% Point 


о 


{РІН — Propagation Delay Time, Low to High – ns 
tPLH - Propagation Delay Time, Low to High — ns 





TA – Free-Air Temperature — °С ТА - Free-Alr Temperature — °С 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
Сен. from CLK to Q) (tpH_ from CLK to Q) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 





{РНЕ -Propagation Delay Time, High to Low — ns 





{РНЕ -Propagation Delay Time, High to Low — ns 


voc 2 5 у О =10% Роми исс 5 ас у D =10% Point 
= Q Е = = 
R2 = 390 О 4 = Mean В2 = 3900 A; Mean 
Сі = 50 pF О =90% Point Сі 50 pF О = 909% Point 
0 25 50 75 100 0 25 50 75 100 
ТА - Free-Alr Temperature — °С ТА – Егее-А г Temperature – °C 
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tPLZ – Disable Time from Low Level — ns 


tpHz – Disable Time from High Level – ns 


TIBPAL16R6-7C (continued) 


PROPAGATION DELAY TIME 
(tp_z from OE! to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 У 
R1 = 2000 
82 = 390 Q 


D = 10% Point 
& =Mean 


Сі = 5 pF О =90% Point 





ТА - Free-Air Temperature - °С 


PROPAGATION DELAY TIME 
(tpuz from ОЕ! to Q) 


мз 
FREE-AIR TEMPERATURE 


Усс = 4.75 У D =10% Point 
Ri = 2000 А =Mean 


R2 = 390 Q 
о =90% Point 





TA - Free-Alr Temperature - °C 


'PLZ – Disable Time from Low Level – ns 


'PHZ – Disable Time from High Level — ns 


PROPAGATION DELAY TIME 
(tpLz from OE! to Q) 
vs 
FREE-AIR TEMPERATURE 


О = 10% Роми 
А = Меап 
О =90% Point 


Усс = 5.25 V 
R1 = 200 Q 
R2 = 390 Q 
CL =5 pF 





TA - Free-Air Temperature - °C 


PROPAGATION DELAY TIME 
(tpuz from OE! to Q) 


vs 
FREE-AIR TEMPERATURE 


D =10% Point 
А - Меап 
О = 90% Рот 


Voc = 5.25 V 
R1 = 2000 
R2 = 3900 





TA – Ргөе-Аіг Temperature - °С 





4-52 


tpzL - Enable Time to Low Level – ns 


ТРОН - Enable Time to High Level — ns 








TIBPAL16R6-7C (continued) 


PROPAGATION DELAY TIME 
(іргі from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
В1 = 200 O 


с =10% Point 


R2 = 390 О A = Mean 
Сі = 50 pF © = 90% Point 


25 50 75 100 
TA – Free-Air Temperature -“С 


PROPAGATION DELAY TIME 
(tpzy from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


о =10% Point 
A =Mean 
О = 80% Point 


Усс = 4.75 V 
R1 = 200 Q 
R2 = 390 0 
Сү = 50 pF 





TA - Free-Air Temperature - °С 


ірді – Enable Time to Low Level — ns 


ТРОН — Enable Time to High Level – ns 








PROPAGATION DELAY TIME 
(їр from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Vcc = 5.25 V 
R1 = 2000 


D =10% Роми 


R2 = 390 O A = Moan 
CL = 50 pF О = 90% Point 


25 50 75 100 
ТА — Free-Alr Temperature — °С 


PROPAGATION DELAY TIME 
(ргн from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 5.25 V 
R1 = 2000 
R2 = 390 Q 


ТА —Free-Air Temperature – °С 
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PROPAGATION DELAY TIME 
Орин from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
В1 = 200 0 
R2 = 390 Q 


{РЕН - Propagation Delay Time, Low to High — ns 


TA - Free-Alr Temperature – °C 


PROPAGATION DELAY TIME 
(ірні from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


R2 = 390 0 
CL = 50 pF 


0 25 50 75 
ТА – Free-Air Temperature - °С 


{РНЕ -Propagation Delay Time, High to Low — ns 


D =10% Point 
А - Меап 
О =90% Point 





О =10% Point 
А =Меап 
О =90% Point 





TIBPAL16R8-7C 


(РЕН - Propagation Delay Time, Low to High – ns 


{РНЕ -РгорадаНоп Delay Time, High to Low - ns 


100 








PROPAGATION DELAY TIME 
(бын from CLK to Q) 
vs 


FREE-AIR TEMPERATURE 


D =10% Point 
А - Меап 
О =90% Point 


Усс = 5.25 V 
А1 = 2000 
R2 = 390 Q 


TA – Free-Alr Temperature – °С 


PROPAGATION DELAY TIME 
(рн Тот CLK to Q) 
vs 
FREE-AIR TEMPERATURE 


а =10% Point 
А = Меап 

О = 90% Point 
100 


R2 = 3900 
CL = 50 pF 


25 50 75 
TA —Free-Air Temperature – °C 


tpLZ – Disable Time from Low Level – ns 


ЇРН7 – Disable Time from High Level – ns 





TIBPAL16R8-7C (continued) 


PROPAGATION DELAY TIME 
(їр у from ОЕ! to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 У О =10% Роги 
ВТ = 2000 z 
R2 = 390 0 А i= Mean 


О = 80% Polnt 





TA —Free-Alr Temperature —*C 


PROPAGATION DELAY TIME 
(tpyz from OE! їо Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V D = 10% Point 
81 = 200 Q А Meàn 


R2 = 390 0 
О =90% Point 


ТА – Free-Alr Temperature — °C 


'PLz – Disable Time from Low Level – ns 


PROPAGATION DELAY TIME 
(tpi z from ОЕ! to Q) 


vs 
FREE-AIR TEMPERATURE 
Усс = 5.25 V О = 10% Point 


Ri 200 0 z 
R2 = 390 Q хайс 


О =90% Point 





TA – Free-Alr Temperature – °С 


PROPAGATION DELAY TIME 
(tpuz from ОЕ! to 0) 
vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V О = 10% Point 
ВТ = 200 0 Л 
R2 = 390 Q Ban 

О = 90% Point 





ТА - Free-Air Temperature - °C 





p71 - Enable Time to Low Level — ns 


!PZH – Enable Time to High Level – ns 





TIBPAL16R8-7C (continued) 


PROPAGATION DELAY TIME 
(tpz_ from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V о 
В1 = 200 0 А = Меап 


В2 = 3900 
Сі = 50 pF О =90% Ром 


25 50 75 100 
TA – Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(ргн from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


е = 10% Point 
А - Меап 
О =90% Point 





ТА - Free-Alr Temperature — °С 


tpzL – Enable Time to Low Level — ns 


tpzH - Enable Time to High Level - ns 





PROPAGATION DELAY TIME 
Прг from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 5.25 V 

R1 = 200 Q 

R2 = 3900 

Сі = 50 pF = 90% РОМ 


25 50 75 100 
TA - Free-Alr Temperature - °С 


PROPAGATION DELAY TIME 
(tpzy from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


О = 10% Point 
А - Меап 
О =90% Ром 


Voc = 5.25 V 
RT = 200 Q 
R2 = 390 Q 
CL = 50 РЕ 





TA - Free-Alr Temperature – °С 
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tsu- Setup Time — ns 





TIBPAL16R4-7C, TIBPAL16R6-7C, TIBPAL16R8-7C 


SETUP TIME 
(Input or feedback before CLK Т) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 200 Q 4 
R2 = 390 0 





ТА —Free-Alr Temperature – °С 


tw — Pulse Duration — ns 


О =LowRK 
z Normal RK 


© =High RK 





HOLD TIME 
(Input or feedback after CLK T) 


vs 
FREE-AIR TEMPERATURE 


th — Hold Time – ns 


Усс = 4.75 V 
Ri = 200 Q _ 
R2 = 390 Q А =Normal RK 
Сі = 50 pF О =High RK 
0 25 50 75 100 
ТА - Егее- А Temperature – °С 





PULSE DURATION 
(High or Low) 


vs 
FREE-AIR TEMPERATURE 


D =Low RK 
А - Могта! RK 
О =High RK 


25 50 75 100 
TA - Егее-А г Temperature – °С 
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20-рт 10-ns IMPACT-X PLDs 


Devices included in this section: 


TIBPAL16L8-10C 
TIBPAL16R4-10C 
TIBPAL16R6-10C 
TIBPAL16R8-10C 
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20-рт 10-п5 IMPACT-X PLDs 


Тесһпоіоду............... 
Package Types: .......... 


Last Die Revision ......... 


Bar Size ................. 
Still Air Thermal Impedance : 


Roya with Air Flow : 


DEVICE INFORMATION 


PE IMPACT-X 

Zoe 20-pin plastic DIP, 
20-pin plastic PLCC 

Veg X (None) 

m 93 x 90 mils 


PDIP PLCC 


FPM PDIP PLCC 


[ eno | ee | 
DEL MERE 
aoa | — 
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QUALIFICATION INFORMATION 


The TIBPAL16XX-10 devices were qualified in 1986 before the previously mentioned standards were incorporated. 
These devices are however included in the reliability monitors which requires the same level of quality and reliability 
as the newer products. The following summaries give the required tests and results for each device and any additional 


test performed for additional data. 


Required Tests and Results for TIBPAL16XX-10 


Device Type: 16R4-10 
Package Type: 20 pin PDIP 
Die Lot Number: 6340945 

TEST SS/F 
125°C Static Op-Life 128/1 
125°C Dynamic Op-Life 127/1 
85°C/85% RH 129/1 
~65°C/150°C Temp Cycle 128/1 
Autoclave 77/1 
ESD 21/0 


ENDPOINT 
1000 HRS 
1000 HRS 
1000 HRS 
1000 CYC 
240 HRS 
2000 V 


RESULTS 
128/0 
127/0 
129/0 
128/0 
7741 

21/0 


Additional Qualification Tests and Results for TIBPAL16XX-10 


Device Types: 16R4-10 and16R8-10 


Package Type: 20 pin PDIP 


Die Lot Numbers: 7014316 and 7043816 


TEST SS/F 
125°С Static Op-Life 129/1 
125*C Dynamic Op-Life 129/1 
85°С/85% АН 129/1 
-65%С/150%С Temp Cycle 129/1 
Autoclave 77/1 

ESD 21/0 


1. Input leakage, failure mode unresolved. 


ENDPOINT 
1000 HRS 
1000 HRS 
1000 HRS 
1000 CYC 
240 HRS 
2000 V 


RESULTS 
129/11 
129/0 
129/0 
129/0 
77/0 

21/0 


CHARACTERIZATION INFORMATION 


TIBPAL16L8-10 
TIBPAL16R4-10 
TIBPAL16R6-10 
TIBPAL16R8-10 
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TIBPAL16L8-10 


SUPPLY CURRENT 
(Virgin Device) 


vs 
FREE-AIR TEMPERATURE 


О = 10% Point 
А = Меап 
О =90% Роки 


lcc- Supply Current — mA 


cc = 5.25 V 
Resistor Range = -26% to +5% 


25 50 75 100 
TA - Free-Alr Temperature - °С 





PROPAGATION DELAY TIME 
(1, VO to O, VO) 
vs 
FREE-AIR TEMPERATURE 


Resistor Range = —26% to +5% 







Voc = 4.75 V 
В1 = 200 Q 
R2 = 390 0 
Сі = 50 pF 


ра — Propagation Delay Time —пз 


2 
-75 -50 -25 0 25 50 75 100 125 
TA – Free-Air Temperature – °C 
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1р. 7 – Disable Time from Low Level — ns 


'PHZ – Disable Time from High Level —ns 
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TIBPAL16L8-10 (continued) 


DISABLE TIME 
Прг from I, ИО to O, VO) 
vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 
CL = 50 pF 


О = 10% Point 
A =Mean 
= Point 


4 
-75 -60 -25 0 25 50 75 100 125 


Ta —Free-Air Temperature – °С 


DISABLE TIME 
Пена from |, VO to О, VO) 
vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 
Сі = 50 pF 





-75 -50 -25 0 25 50 75 100 125 
ТА - Free-Air Temperature - °С 


(921 – Enable Time to Low Level – ns 


“Рун — Enable Time to High Level — ns 





ENABLE TIME 
(рг from I, VO to O, 10) 
vs 
FREE-AIR TEMPERATURE 





4 
-75 -50 -25 0 25 50 75 100 125 


TA - Free-Alr Temperature — °C 


ENABLE TIME 
(рэн from |, VO to O, ИО) 
v8 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
А1 = 200 0 
В2 = 390 0 
Сі = 50 pF 





4 
-75 -50 -25 0 25 50 75 100 125 


TA — Free-Alr Temperature - °C 








lcc- Supply Current — mA 





TIBPAL16R4-10 


SUPPLY CURRENT 
(Virgin Device) 


vs 
FREE-AIR TEMPERATURE 


ра - Propagation Delay Time — ns 


2 
TA — Free-Alr Temperature — °С m 90 


PROPAGATION DELAY TIME 
(CLK to Q) 
vs 
ЕВЕЕ-АН TEMPERATURE 


Усс = 4.75 V 


{ра – Propagation Delay Time – ns 


2 
-75 -60 -25 0 25 50 75 100 
ТА – Free-Alr Temperature — °С 





PROPAGATION DELAY TIME 
(I, VO to O, VO) 
vs 
FREE-AIR TEMPERATURE 


-25 0 25 50 75 
TA - Free-Air Temperature — °С 
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'PLZ – Disable Time from Low Level — ns 


tpHZ – Disable Time from High Level - ns 





TIBPAL16R4-10 (continued) 


DISABLE TIME 
(tpiz from |, VO to O, VO) 
vs 
FREE-AIR TEMPERATURE 


Resistor Range = -26% to +7% 





2 
-75 -50 -25 0 25 50 75 100 125 


ТА - Free-Alr Temperature – °C 


DISABLE TIME 
(tpuz from I, VO to О, КО) 
vs 
FREE-AIR TEMPERATURE 











DB = 10% Point 


А - Меап 


LLL поље 
2 


-75 -50 -25 50 75 100 125 


TA- "uem с -°C 


tpzL – Enable Time to Low Level — ns 


'PzH – Enable Time to High Level — ns 


-75 -50 


Voc = 4.75 V 
Р1 = 200 Q 
R2 = 390 Q 
Сі = 50 pF 
Resistor Range = –26% 





ЕМАВЕЕ ИМЕ 
Орд. from I, ИО to O, ИО) 
vs 
FREE-AIR TEMPERATURE 





-25 0 25 50 75 100 125 
ТА – Free-Alr Temperature – °С 


ENABLE TIME 
Иран from |, ИО to O, 1/0) 
vs 
FREE-AIR TEMPERATURE 








с = 10% Роми 





О = 90% Point 


2“ -50 -25 0 25 50 75 100 125 


TA - Free-Alr Temperature — °С 
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TIBPAL16R8-10 


SUPPLY CURRENT 
(Virgin Device) 


vs 
FREE-AIR TEMPERATURE 


с =10% Point 
А -Меап 
О =90% Рот 


Ісс – Supply Current – mA 





0 25 50 75 109 
TA – Егее-А г Temperature — °С 


tod — Propagation Delay Time - ns 





PROPAGATION DELAY TIME 
(CLK to 0) 
vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
R1 = 200 Q 
R2 = 390 Q 
Сі =50 pF 


2 
-15 -50 -25 0 25 50 75 100 125 


TA – Free-Air Temperature - °С 
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TIBPAL16R8-10 (continued) 


DISABLE TIME 
(tpLz from ОЕТ to Q) 
vs 
FREE-AIR TEMPERATURE 


Усс = 475 V 
R1 = 2000 
R2 = 390 0 


‘PLZ – Disable Time from Low Level – ns 


2 
-75 -50 -25 0 25 50 75 
TA —Free-Alr Temperature – °С 


DISABLE TIME 
(їрнт from ОЕТ to Q) 
vs 
FREE-AIR TEMPERATURE 


tpHZ – Disable Time from High Level — ns 


2 
-75 -50 -2 0 2 50 75 
TA – Егее-А Temperature – °C 





= 10% Point 
= Mean 
с 90% Point 





ENABLE TIME 
(tPzL from ОЕ} to Q) 
vs 
FREE-AIR TEMPERATURE 


tpzL – Enable Time to Low Level – ns 





2 
-75 -50 -25 0 25 50 75 100 125 
TA - Free-Alr Temperature - °С 


ENABLE TIME 
(їртн from ОЕ! to Q) 
үз 
FREE-AIR TEMPERATURE 


ТРОН – Enable Time to High Level — ns 





25 -50 -25 0 25 50 75 100 125 
ТА – Free-Alr Temperature – °С 
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24-рт 5-ns IMPACT-X PLDs 


Devices included in this section: 


TIBPAL20L8-5C 
TIBPAL20R4-5C 
TIBPAL20R6-5C 
TIBPAL20R8-5C 


4-71 


4-72 


DEVICE INFORMATION 
24-pin 5-ns IMPACT-X PLDs 


1. Technology ................... IMPACT-X 

2. PackageTypes: ............... 20-pin plastic DIP, 
20-pin plastic PLCC 

3. LastDieRevision .............. X (none) 

4. -Вагб ез; шфшыуиуселрыс ETE 2018: 85х 107 mils 


2084 : 93 x 107 mils 

20R6: 93 x 107 mils 

20Н8: 93 x 107 mils 
5. Still Air Thermal Impedance : 


PDIP PLCC 


6. Raya with Air Flow : 


FPM PDIP PLCC 
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QUALIFICATION INFORMATION 
Тһе TIBPAL20XX-5 devices are qualified using the accelerated qualification program.The following summaries give 
therequired tests and results for each device and any additional test performed for additional data. With this particular 
device family, the TIBPAL16XX and the TIBPAL20XX parts are essentially the same die so the data for these two 
families are the same. 
161.8-5 and 20L8-5 


Required Tests and Results for TIBPAL16L8-5 and TIBPAL20L8-5 


Device Type: 20L8-5 
Package Type: 24 pin PDIP 
Date Code: 944XF 
Die Lot Number: 361 
EXTENDED 
TEST 55/Е ENDPOINT RESULTS READPOINT RESULTS 
150°С Dynamic Op-Life 129/1 416 HRS 129/0 
125°С Dynamic Op-Life 129/1 168 HRS 128/0! 1000 HRS 128/0 
130°С/85% RH HAST 76/0 500 HRS 76/0 
—65°С/150°С Thermal Shock 129/1 500 СҮС 129/0 
ESD 3/0 2000 V 3/0 


Additional Qualification Tests and Results for TIBPAL16L8-5 and TIBPAL20L8-5 


Device Type: 20L8-5 

Package Type: 24 pin PDIP 

Date Code: 009XF 

Die Lot Numbers: 02332, 29314, and 35505 

TEST ENDPOINT RESULTS 
150*C Dynamic Op-Life 416 HRS 201/22 
125°С Dynamic Op-Life 1000 HRS 201/0 
130°C/85% RH HAST 200 HRS 201/0 
—65*CA 50*C Thermal Shock 1000 CYC 201/0 
ESD 2000 V 3/0 


16R4-5 and 20R4-5 


Required Tests and Results for TIBPAL16R4-5 and TIBPAL20R4-5 


Device Type: 20R4-5 
Package Type: 24 pin PDIP 
Date Code: 048XF 

Die Lot Number: 28933 





Required Tests and Results for TIBPAL16R4-5 and TIBPAL20R4-5 (continued) 


EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
125*C Dynamic Ор-Ше 129/1 1000 HRS 128/13 2000 НН5 1280 
130°С/85% RH HAST 129/1 100 НА$ 129/0 
—65*C/150*C Thermal Shock 129/1 1000 CYC 129/0 
ESD 3/0 2000 V 6/0 
16R6-5 and 20R6-5 


Required Tests and Results for TIBPAL16R6-5 and TIBPAL20R6-5 


Device Type: 20R6-5 
Package Type: 24 pin PDIP 
Date Code: 9122 
Die Lot Number: 1127109 
EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
125°C Dynamic Op-Life 129/1 1000 НАЗ 129/0 
130°С/85% ВН НАЗТ 129/1 100 НАЗ 127/04 
—65°С/150°С Thermal Shock 129/1 1000 CYC 129/0 
-65%С/150%С Temp Cycle 129/1 1000 СҮС 129/0 
ЕЗО 3/0 2000 V 3/0 


16R8-5 and 20R8-5 


Required Tests and Results for TIBPAL16R8-5 and TIBPAL20R8-5 


Device Type: 20R8-5 
Package Type: 24 pin PDIP 
Date Code: 048XF 
Die Lot Number: 0289233 
EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150*C Dynamic Op-Life 129/1 416 НА$ 129/0 1000 HRS 129/0 
125°C Dynamic Op-Life 129/1 168 НА$ 129/0 1000 НА$ 129/0 
130°C/85% RH HAST 129/1 200 НА$ 129/0 
-65%С/150%С Thermal Shock 129/1 200 СУС 129/0 
—65°С/150°С Тетр Сусе 129/1 1000 СУС 129/0 
ESD 3/0 2000 V 3/0 


Autoclave 76/0 240 HRS 76/0 
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Additional Qualification Tests and Results for TIBPAL16R8-5 and TIBPAL20R8-5 


Device Type: 20R8-5 
Package Type: 24 pin PDIP 
Date Code: 106XF 


Die Lot Numbers: 0289233, 0310676, and 1 011759 


TEST ENDPOINT RESULTS 

150*C Dynamic Op-Life 416 HRS 400/13 

125°С Dynamic Op-Life 1000 HRS 400/0 

85°C/85% RH Biased Humidity 1000 HRS 201/0 

—65°С/150°С Temp Cycle 1000 CYC 201/14 

ESD 2000 V 3/0 

1. 1 unit received EOS damage due to reverse socket insertion - removed from population. 
2. Failure determined to be caused by ESD/EOS, source unknown. TI FA Report # D12-00531 
3. Failure determined to be caused by reverse socketing. ТІ FA Report # D12-00662 

4. 2units mechanically damaged beyond repair — unable to test – removed from sample. 
5. Failure caused by mechanical damage of 1st level metal. TI FA Report # D13-00004 

6. Failure analysis results conclude interlevel oxide crack caused metal-1 to metal-2 short. 


TI FA Report # D13-00010 


CHARACTERIZATION INFORMATION 


TIBPAL20L8-5C 
TIBPAL20R8-5C 
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lcc- Supply Current — mA 


TIBPAL20L8-5C 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


— 90% Polnt 


«| 


-75 -50 -25 0 25 50 75 100 
TA - Free-Alr Temperature — °С 


| 
— 
= 
= 





{РЕН — Propagation Delay Time, Low to High — ns 


{РНЕ -Propagatlon Delay Time, High to Low – ns 











TIBPAL20L8-5C (continued) 


PROPAGATION DELAY TIME 
(tp н from |, ИО to O, /О) 
vs 
FREE-AIR TEMPERATURE 


90% Point 





Усс = 4.75 V 
В1 = 200 Q 
R2 = 200 Q 
Сі = 50 pF 
NT Package 





0 
-75 -50 -25 0 25 50 75 100 125 


ТА —Free-Alr Temperature - °C 


PROPAGATION DELAY TIME 
Сен from |, ЏО to O, 10) 
vs 
FREE-AIR TEMPERATURE 


90% Polnt 


ТЕТТЕ 





10% Роми 








Voc = 4.75 V 
В1 = 200 Q 
Я2 = 2000 
Cy = 50 pF 
NT Package 





0 
-75 -50 -25 0 25 50 75 100 125 


TA – Free-Alr Temperature – °C 


{РЕН - Propagation Delay Time, Low to High — ns 


{РНЕ -Propagation Delay Time, High to Low — ns 





PROPAGATION DELAY TIME 
{їр ң from |, /О to O, 1/0) 
vs 
FREE-AIR TEMPERATURE 


0% Po 








В1 = 2000 
R2 = 2002 
Сі = 50 pF 
NT Package 





0 
-75 -50 -25 0 25 50 75 100 125 


ТА – Free-Air Temperature – °С 


PROPAGATION DELAY TIME 
(tpuL from I, ИО to O, VO) 
vs 
FREE-AIR TEMPERATURE 











Voc = 5.25 V 
R1 = 200 Q 
R2 = 2002 
Сі = 50 pF 
NT Package 








0 
-75 -50 -25 0 25 50 75 100 125 
TA – Егее-А! Temperature – °С 
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tpLZ – Disable Time from Low Level — ns 


tPHZ – Disable Time from High Level – ns 
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TIBPAL20L8-5C (continued) 


DISABLE TIME 
Пру from I, VO to O, VO) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 У 


Ri = 200 2 
7f рг = 200 0 





6 | NT Package 


3 |___ 
10% Point 


gu A ш 
| Eu АЕ 


0 
-75 -50 -25 50 100 125 
ТА- AE e ende" -°C 


DISABLE TIME 
(рн? from |, VO to O, ИО) 
vs 
FREE-AIR TEMPERATURE 


E 90% Point 
-- а 


R2 = 2000 
Сі = 50 pF 
NT Package 





0 
-75 -60 -25 0 25 50 75 100 125 
ТА - Free-Alr Temperature — °С 


‘PLZ — Disable Time from Low Level - ns 


РН – Disable Time from High Level – ns 





DISABLE TIME 
(tpLz from I, ИО to O, VO) 
vs 
FREE-AIR TEMPERATURE 





-75 -50 -25 0 25 50 75 100 125 
TA —Free-Alr Temperature – °С 


DISABLE TIME 
(tpuz from І, ИО to О, VO) 
vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
А1 = 200 Q 
R2 = 200 Q 
Сі = 50 pF 
FN Package 


0 
-75 -50 -25 0 25 50 75 100 125 


TA - Free-Air Temperature -°C 





tpzL - Enable Time to Low Level — ns 


'PZH – Enable Time to High Level - ns 





TIBPAL20L8-5C (continued) 


ENABLE TIME 
Про. from І, VO to О, ИО) 
vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
В1 = 200 0 
R2 = 200 Q 
С|-50рЕ 


0 
-75 -50 


0 
-75 -50 


-25 0 25 50 75 
TA — Free-Alr Temperature - °С 


ЕМАВГЕ ТЇМЕ 
(їртн from |, VO to O, VO) 
vs 
FREE-AIR TEMPERATURE 


-25 0 25 50 75 
TA - Free-Alr Temperature — °С 





125 





!PZL – Enable Time to Low Level – ns 


ТРОН - Enable Time to High Level - ns 








ENABLE TIME 
(іргі from 1, VO to О, VO) 
vs 
FREE-AIR TEMPERATURE 


Al = 2000 
R2 = 200 Q 
Сі = 50 pF 


0 
-75 -50 -25 0 25 50 (75 100 125 


TA – Ғгөе-Аіг Temperature — °С 


ENABLE TIME 
(рэн from I, ИО to О, UO) 
vs 
FREE-AIR TEMPERATURE 


10% Point 


0 
-75 -50 -2 0 25 50 75 100 125 


ТА ~ Free-Alr Temperature – °C 
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TIBPAL20R8-5C 


SUPPLY CURRENT 
vs 
SHEET RESISTANCE 


200 


= 


- 
Ф 
o 


сс — Supply Current - mA 
ё 


8 


Voc = 5.25 V 
ТА = 25 °С 
FN Package 





Sheet Resistance - КО 


22 DISABLE TIME (tp, 2) . DISABLE TIME рид) 
ОЕТ to Q with 8 Outputs Switching In Phase OET to Q with 1 Output Switching 
vs vs 


LOAD CAPACITANCE LOAD CAPACITANCE 


+ 


° 
a 


° 


tpLZ – Disable Time from Low Level — ns 
{РНР – Disable Time from High Level — ns 





2 
1.5 
2 1 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100 
Сі – Load Capacitance – pF Сі – Load Capacitance – pF 
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tsu — Setup Time – ns 


tPLH – Propagation Delay Time, Low to High – ns 





TIBPAL20R8-5C (continued) 


SETUP TIME 

(With 8 Outputs Switching In Alternate Direction) 
vs 

SHEET RESISTANCE 





Sheet Resistance - КО 


PROPAGATION DELAY TIME, CLK to Q 
(With 8 Outputs Switching In Same Direction) 
vs 
SHEET RESISTANCE 


Усс = 4.75 У 
В1 = 200 0 
R2 = 200 Q 
CL =50 pF 
TA =80 °C 
#= 1 MHz 
FN Package 





Sheet Resistance — КО 


th — Hold Time — ns 


tPLH — Propagation Delay Time, Low to High — ns 


HOLD TIME 
(With 8 Outputs Switching in Same Direction) 
vs 
SHEET RESISTANCE 





16 17 18 19 20 21 22 23 24 
Sheet Resistance - КО 


PROPAGATION DELAY TIME, CLK to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 





Sheet Resistance - КО 








TIBPAL20R8-5C (continued) 


PROPAGATION DELAY TIME, CLK to Q 
(With 8 Outputs Switching In Same Direction) 
vs 
SHEET RESISTANCE 





8 

' 

z 

° 
а 

2 Ё 
Е 1 
S9 E 
r 9 
£ à 
E 2 
5 & 
с І 
9 Е 
= 

5 Е 
š z 
Р ° : 
4 А 
& o 

16 17 18 19 20 21 22 23 24 
Sheet Resistance – КО 


PULSE DURATION 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


tw (low) — Pulse Duration — ns 
tpLZ — Disable Time from Low Level -ns 





pue ы - E 





PULSE DURATION 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Voc = 5.25 V 
R1 = 2009 
В2 = 2000 
Сі = 50 pF 
TA =0 °С 

1- 10 MHz 
FN Package 


Sheet Resistance - КО 


DISABLE TIME, ОЕТ to Q 
(With 8 Outputs Switching In Same Directlon) 
vs 
SHEET RESISTANCE 








16 17 18 19 20 21 22 23 24 
Sheet Resistance - КО 
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TIBPAL20R8-5C (continued) 


DISABLE TIME, OE? to 0 DISABLE TIME, ОЕТ to Q 
(With 8 Outputs Switching in Same Directlon) (With 1 Output Switching) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 


Voc = 5.25 У 
R1 = 2000 
R2 = 2000 


tpLz — Disable Time from Low Level – ns 
tpLz — Disable Time from Low Level — ns 





Sheet Resistance - КО Sheet Resistance - КО 
DISABLE TIME, ОЕТ to Q DISABLE TIME, ОЕТ to Q 
(With 8 Outputs Switching т Same Direction) (With 1 Output Switching) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 





2.8Г ЕМ Package 


~ 
е 











'PHZ – Disable Time from High Level – ns 


6 17 18 19 20 21 22 23 24 16 17 18 19 20 21 22 23 24 
Sheet Resistance - КО Sheet Resistance - КО 
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!PzL – Enable Time to Low Level — ns 


ТРОН – Enable Time to High Level – ns 


4-86 











TIBPAL20R8-5C (continued) 


ENABLE TIME, OE! to Q 
(With 8 Outputs Switching п Same Direction) 
vs 
SHEET RESISTANCE 


Усс = 4.75 V 
R1 = 2000 
R2 = 2000 
Сі = 50 pF 
ТА = 80 °С 
1:1МН2 

ЕМ РасКаде 


16 17 18 19 20 21 22 23 24 
Sheet Resistance - КО 


ENABLE TIME, OE! to Q 
(With 8 Outputs Switching in Same Direction) 
vs 
SHEET RESISTANCE 


Усс = 4.75 V 
R1 = 200 Q 
R2 = 2000 
CL = 50 pF 
ТА = 80 °С 
f=1 MHz 

FN Package 


16 17 18 19 2 21 22 23 24 
Sheet Resistance - КО 


tpzL -- Enable Time to Low Level -ns 


“БН – Enable Time to High Level – ns 





3.4 


e, 
~ 





ENABLE TIME, ОЁ! to Q 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Voc = 5.25 V 
R1 = 200 Q 
R2 = 200 0 
Сі = 50 pF 
Ta=0°C 
f=10 MHz 
FN Package 


17 18 19 20 21 22 23 24 
Sheet Resistance — ko 


ENABLE TIME, OE! to а 
(With 1 Output Switching) 
vs 
SHEET RESISTANCE 


Voc = 5.25 V 
В1 = 200 Q 
R2 = 2000 
Сі = 50pF 
Тд-0%С 

f = 10 MHz 
FN Package 


18 19 20 21 22 23 24 
Sheet Resistance - КО 








24-рт 7-ns and 24-рт 10-ns IMPACT-X PLDs 


Devices included in this section: 


TIBPAL20L8-7C 
TIBPAL20R4-7C 
TIBPAL20R6-7C 
TIBPAL20R8-7C 
TIBPAL20L8-10C 
TIBPAL20R4-10C 
TIBPAL20R6-10C 
TIBPAL20R8-10C 
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DEVICE INFORMATION 
24-pin 7-ns and 24-pin 10-ns IMPACT-X PLDs 


1. Тесһпоіоду.................... IMPACT-X 

2. Package Турез:............... 24-pin plastic DIP, 
28-pin plastic PLCC 

3. Last Die Revision .............. X (None) 

4. „Вагб over RIS 107 x 96 mils 


5. Still Air Thermal Impedance : 


PDIP PLCC 


6. Raga With Air Flow : 


FPM PDIP PLCC 





The TIBPAL20XX-10 is down binned (selected from) TIBPAL20XX-7. The TIBPAL20XX-10 devices are not tested 
to the 7-ns specifications. 


This device is from the same master bar as the TIBPAL16XX-7C. Therefore the qualification and characterization data 
are the same. 
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QUALIFICATION INFORMATION 


The TIBPAL16XX-7, TIBPAL20XX-7, and TIBPAL20XX-10 devices are qualified using the accelerated qualification 
program. The following summaries give the required tests and results for this device family as well as any additional 
test performed юг additional data. 


Required Tests and Results for TIBPAL16XX-7, TIBPAL20XX-7, and TIBPAL20XX-10 


Device Types: 20R6-7, 20R8-7, and 20L8-7 
Package Type: 24 pin PDIP 
Date Codes: 935XF, 935XF, and 939XF 


Die Lot Numbers: 15080, 14508, and 20604 


EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150*C Dynamic Op-Life 129/1 420 HRS 287/0 
125°С Dynamic Op.Lite 129/1 208 HRS 257/0 1000 HRS 25710 
130°С/85% RH HAST 129/1 100 HRS 258/0 
-65%С/150%С Thermal Shock 129/1 100 CYC 129/0 1000 CYC 129/0 
—65*C/150*C Temp Cycle 77A 100 CYC 77/0 1000 CYC 77/0 
ESD 3/0 2000 V 3/0 


Additional Qualification Tests and Results for TIBPAL16XX-7, TIBPAL20XX-7, and 
TIBPAL20XX-10 


Device Type: 20R4-7 
Package Type: 20 pin PDIP 
Date Code: 922XF 


Die Lot Numbers: 08980, 09343, and 09344 


EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°C Dynamic Op-Life 129/1 384 HRS 201/0 1000 HRS 201/0 
125°C Dynamic Op-Life 129/1 208 HRS 201/0 1000 HRS 201/0 
130°С/85% RH HAST 129/1 100 НН5 199/01 
—65°С/150°С Thermal Shock 77/1 200 СУС 201/0 
ESD 3/0 2000 V 3/0 


1. 2units mechanically damaged beyond repair - unable to test - removed from sample. 
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CHARACTERIZATION INFORMATION 


TIBPAL20L8-7C/10C 
TIBPAL20R4-7C/10C 
TIBPAL20R6-7C/10C 
TIBPAL20R8-7C/10C 
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ТРЪН – Propagation Delay Time, Low to High – ns 


tPHL -Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
{рін from |, ИО to О, VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
Ri = 2000 


о 
а 


о 


= 10% Point 
= Меап 
= 90% Point 





TA – Free-Alr Temperature – °С 


PROPAGATION DELAY TIME 
(рні from I, ИО to О, VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 2000 
R2 = 390 Q 
Сі = 50 pF 


g 
4 
о 


= 10% Point 
= Меап 
= 90% Point 





TA — Free-Air Temperature — °C 


TIBPAL20L8-7C 


{РЕН — Propagation Delay Time, Low to High — ns 


{РНЕ -Propagation Delay Time, High to Low – ns 











PROPAGATION DELAY TIME 
(tPLH from I, VO to O, UO) 


vs 
FREE-AIR TEMPERATURE 


Voc = §.25 V 
R1 = 20002 
R2 = 390 Q 


О =10% Point 
А - Меап 
О =90% Point 


TA —Free-Air Temperature - °С 


PROPAGATION DELAY TIME 
(рн from |, VO to О, UO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
А1 = 200 0 
R2 = 3900 
Сі = 50 pF 


= 10% Point 
А =Меап 
О =90% Point 


ТА - Free-Alr Temperature — °C 
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—— A I лж vn НА ___-„ _-_____к_-__„~__- ој 
TIBPAL2OL8-7C (continued) 


%2- Disable Time from Low Level — ns 


'PHZ – Disable Time from High Level – ns 
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PROPAGATION DELAY TIME 
(1р 2 from |, ИО to O, 1/0) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 У 
Rt = 2000 
R2 = 390 Q 


D =10% Point 
А = Меап 
О =90% Point 





ТА – Free-Alr Temperature – °C 


PROPAGATION DELAY TIME 
(tpuz from І, ЏО to O, VO) 


vs 
FREE-AIR TEMPERATURE 


О =90% Point 





ТА – Free-Alr Temperature — °C 


tpLZ – Disable Time from Low Level — ns 


'PHz – Disable Time from High Level — ns 








PROPAGATION DELAY TIME 
(рг from I, ИО to О, VO) 


vs 
FREE-AIR TEMPERATURE 


D = 10% Point 
А - Меап 
о 


Voc = 5.25 У 
R1 = 2000 
Я2 = 3900 


TA – Free-Air Temperature – °С 


PROPAGATION DELAY TIME 
(tpyz from I, WO to О, VO) 


vs 
FREE-AIR TEMPERATURE 


а = 10% Point 
А = Меап 
О =90% Point 


25 50 75 100 
ТА – Free-Alr Temperature — °С 


RT 200 0 
R2 = 3900 
CL=5pF 


tpzL – Enable Time to Low Level — ns 


tpzH – Enable Time to High Level – ns 











TIBPAL20L8-7C (continued) 


PROPAGATION DELAY TIME 
(іргі from |, VO to O, ИО) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
R1 = 200 0 


с =10% Point 
R2 = 390 Q А =Mean 
CL = 50 pF О = 90% Point 


25 50 75 100 
TA — Free-Air Temperature – °C 


PROPAGATION DELAY TIME 
(tpzy from |, I/O to О, VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 У 
R1 = 200 Q 
В2 = 390 0 
Сі = 50 pF 





D =10% Point 
А =Меап 
О =90% Роми 


25 50 75 100 
TA - Free-Alr Temperature – °С 





tPZL - Enable Time to Low Level – ns 


ТРОН – Enable Time to High Level – ns 








PROPAGATION DELAY TIME 
(рг from |, ИО to O, VO) 


vs 
FREE-AIR TEMPERATURE 


О =10% Point 
А - Меап 


Усс = 5.25 У 
R1 = 200 Q 
В2 = 390 Q 
Сі = 50 pF О =90% Point 


25 50 75 100 
TA — Free-Air Temperature – °С 


PROPAGATION DELAY TIME 
(ран from I, МО to O, VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 5.25 V 
В1 = 200 Q 
R2 = 390 Q 


с =10% Point 
А = Меап 
О =90% Point 


25 50 75 100 
TA – Free-Air Temperature – °C 
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TIBPAL20R4-7C 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(рін from I, VO to ИО) (рін from I, ИО to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 4.75 V 


tPLH – Propagation Delay Time, Low to High — ns 


tPLH – Propagation Delay Time, Low to High – ns 





О = 10% Роми D =10% Роги 
А - Меап А zMean 
О =90% Рот О =90% Роги 
TA —Free-Air Temperature – °С TA - Free-Air Temperature - °С 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(рн from I, UO to VO) (tpu from I, ИО to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 





‘PHL -Propagation Delay Time, High to Low — ns 
{РНЕ -Propagation Delay Time, High to Low – ns 


ieu pcs кеда" 
А2 = 390 Q А = Меап 82 = 390 O 
CL = 50 pF О =90% Point CL = 50 pF О =90% Point 
0 25 50 75 100 0 25 50 75 100 


TA – Free-Air Temperature — °С TA – Егее-А! Temperature - °C 


ИА ие ЕСЛИ a ЕЕ Л ЕЕ УВЕ ИС ИЕН ть tr P IR НМ c C UN ЛИ ДЕТЕ: 
TIBPAL20R4-7C (continued) 


‘PLZ – Disable Time from Low Level – ns 


РНЕ – Disable Time from High Level — ns 








PROPAGATION DELAY TIME 
(рі? from |, ИО to ИО) 


vs 
FREE-AIR TEMPERATURE 
Усс = 4.75 V О =10% Point 


Ri 2000, Е 
R2 = 390 Q A Me 


О =90% Роми 


tpLZ – Disable Time from Low Level – ns 





TA – Free-Alr Temperature - °С 


PROPAGATION DELAY TIME 
(рн? from |, ИО to VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V D =10% Point 


R1 = 200 Q 2 
R2 = 390 0 A= Mean 
CL=5pF о =90% Point 
25 50 75 100 
TA — Free-Alr Temperature — ^C 


'PHZ – Disable Time from High Level – ns 


PROPAGATION DELAY TIME 
(брі? from |, ИО to VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V О =10% Point 
А1 = 200 0 = 

R2 = 390 Q ду Mean 
CL 25pF о 








ТА - Free-Air Temperature - °С 


PROPAGATION DELAY TIME 
(tpyz from 1, ИО to UO) 


vs 
FREE-AIR TEMPERATURE 


О =10% Point 
А = Меап 
Сі =5 pF О = 90% Point 


А2 = 390 Q 





25 50 75 
ТА – Free-Air Temperature - °С 


100 
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tpzL - Enable Time to Low Level – ns 





РН - Enable Time to High Level — ns 


TIBPAL20R4-7C (continued) 


PROPAGATION DELAY TIME 
(рлі from |, VO to VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 475 V 
А1 = 2000 


О =10% Point 


А2 = 3900 А = Меап 
Сі = 50 pF О =90% Point 


25 50 75 100 
TA – Free-Alr Temperature – °C 


PROPAGATION DELAY TIME 
(рун from I, VO to ИО) 


vs 
FREE-AIR TEMPERATURE 


О =10% Point 
А = Меап 
О =90% Ром 





TA – Free-Alr Temperature - °C 


tPZL – Enable Time to Low Level — ns 


'PZH – Enable Time to High Level – ns 





PROPAGATION DELAY TIME 
(їрдї from I, VO to VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V 
В1 = 200 0 


О =10% Роми 
R2 = 3900 4 zMean 
CL = 50 pF о = 90% Point 


25 50 75 100 
TA – Free-Alr Temperature – °C 


PROPAGATION DELAY TIME 
(tpzy from |, ИО to VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 5.25 V 
R1 = 2000 
R2 = 3900 
Сі = 50 pF 


а =10% Point 
А =Меап 
О =90% Ројт 





ТА - Free-Air Temperature – °С 





TIBPAL20R4-7C (continued) | 


{РЕН – Propagation Delay Time, Low to High – ns 


{РНЕ -РгорадаЧоп Delay Time, High to Low - ns 


PROPAGATION DELAY TIME 
(їр н from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V О =10% Point 
В1 = 200 Q А = Меап 


О =90% Рот 





TA - Free-Alr Temperature – °С 


PROPAGATION DELAY TIME 
(ри from CLK to Q) 
5 


v 
FREE-AIR TEMPERATURE 


veoz47sv — —]— — m = 10% Point 


В1-2000 
R2 = 390 O 
Сі = 50 pF 


А = Меап 
О =90% Point 








25 50 75 100 


TA —Free-Alr Temperature – °C 


{РЕН — Propagation Delay Time, Low to High – ns 


{РНЕ -Propagation Delay Time, High to Low – ns 








PROPAGATION DELAY TIME 
(tp_y from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


D =10% Point 
А = Меап 
О = 90% Point 


Усс = 5.25 V 
R1 = 200 Q 
В2 = 390 Q 


TA - Free-Air Temperature -“С 


PROPAGATION DELAY TIME 
брні from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 





Voc = 5.25 У 
R1 = 200 0 
R2 = 390 0 
Сі = 50 pF О =90% Point 


О = 10% Point 
А = Меап 


25 50 75 100 
ТА – Free-Air Temperature – °С 
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TIBPAL20R4-7C (continued) 


‘PLZ - Disable Time from Low Level - ns 


tPHZ – Disable Time from High Level – ns 


PROPAGATION DELAY TIME 
(tpi z from ОЕ! to Q) 


vs 
FREE-AIR TEMPERATURE 


Үсс 4.75 М D =10% Point 
А - Меап 
О = 90% Point 


R1 = 2000 
R2 = 390 Q 





TA - Егее-А г Temperature -°C 


PROPAGATION DELAY TIME 
(tpyz from OE! to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V О = 10% Point 
RT = 2000 А = Меап 


R2 = 390 Q 
О =90% Ројт 





TA – Free-Alr Temperature - °С 


Грг2 – Disable Time from Low Level – ns 


tpHZ - Disable Time from High Level — ns 





PROPAGATION DELAY TIME 
(tpLz from ОЕ! to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 М 
A1 = 2000 
R2 = 390 Q 


TA — Free-Alr Temperature — °C 


PROPAGATION DELAY TIME 
(рн? from ОЕ! to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 V D = 10% Point 
RT = 2000 A = Мезе 


R2 = 390 Q 
О =90% Point 








TA – Free-Alr Temperature – °C 
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'PzL – Enable Time to Low Level – ns 


РН – Enable Time to High Level – ns 





TIBPAL20R4-7C (continued) 


PROPAGATION DELAY TIME 
(іргі from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс А om у о = 10% Point 
= о х 

R2 = 390 0 A: Mean 

CL - 50 pF О =90% Point 


25 50 75 100 
TA - Free-Air Temperature – °С 


PROPAGATION DELAY TIME 
Пран from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 У 
R1 = 200 Q 
В2 = 3900 
C, = 50 pF 





TA - Free-Air Temperature - °С 


tpzL - Enable Time to Low Level – ns 


ТРОН – Enable Time to High Level – ns 


PROPAGATION DELAY TIME 
(tpz_ from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 








Voc = 5.25 V О =10% Point 


Н1 = 2000 

R2 = 3900 

Сі = 50 pF 
25 50 75 

TA —Free-Air Temperature — °С 


А - Меап 





PROPAGATION DELAY TIME 
(іргн from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


TA – Free-Air Temperature – °С 


О =90% Point 


100 
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{РЕН — Propagation Delay Time, Low to High – ns 


{РНЕ -РгорадаНоп Delay Time, High to Low — ns 
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0 25 50 


TIBPAL20R6-7C 


PROPAGATION DELAY TIME 
{їр н from |, МО to 1/0) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 


О =10% Роми 
А - Меап 
О =90% Point 


25 50 75 100 
TA - Free-Alr Temperature – °C 


PROPAGATION DELAY TIME 
(рн from I, ИО to ИО) 


vs 
FREE-AIR TEMPERATURE 


О =10% Point 
А = Меап 
О =90% Рот 


75 100 
TA – Free-Alr Temperature — °C 


{РЕН — Propagation Delay Time, Low to High — ns 


РНЕ -РгорадаЧоп Delay Time, High to Low — ns 











PROPAGATION DELAY TIME 
(рін from І, ИО to VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 5.25 V 
R1 = 200 0 
А2 = 3900 


с 10% Polnt 
А = Меап 
О = 90% Point 


TA —Free-Alr Temperature — °С 


PROPAGATION DELAY TIME 
(өні from I, I/O to VO) 


vs 
FREE-AIR TEMPERATURE 


D =10% Point 
А = Меап 
О = 90% Point 


0 25 50 75 100 
TA - Free-Alr Temperature - °С 





tpLZ – Disable Time from Low Level — ns 


{РНР – Disable Time from High Level — ns 











TIBPAL20R6-7C (continued) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpz from I, ИО to 1/0) (tPLz from |, VO to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


Voc = 5.25 V 
В1 = 2000 
R2 = 390 Q 
CL = 5 pF 


Усс = 4.75 У 
А1 = 200 0 
R2 = 390 Q 


О =10% Point D = 10% Point 


'PLz – Disable Time from Low Level – ns 





А - Меап А - Меап 
О =90% Роки О =90% Point 
TA - Free-Alr Temperature - °С ТА - Free-Alr Temperature - °С 
PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(tpuz from I, ИО to VO) (tpz from |, ИО to VO) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


{РНЕ – Disable Time from High Level - ns 





vec 3 MUR у О = 10% Point О = 10% Point 
= о = 2 
R2 23900 Az Mean А = Меап 
Сі = 5 pF О = 90% Point О = 90% Point 
0 25 50 75 100 0 25 50 75 100 
ТА —Free-Air Temperature – °С TA — Free-Alr Temperature - °С 


4-103 





tpzL – Enable Time to Low Level – ns 


'PZH - Enable Time to High Level — ns 
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TIBPAL20R6-7C (continued) 


PROPAGATION DELAY TIME 
(ра. from |, VO to VO) 
vs 
FREE-AIR TEMPERATURE 


vec 255 У О =10% Ром 
= Q Е 
А2 = 390 Q роем 
Сі = 50 pF О = 90% Point 
25 50 75 100 
TA – Ргее-Аіг Temperature – °С 


PROPAGATION DELAY TIME 
(раң from 1, VO to VO) 


vs 
FREE-AIR TEMPERATURE 





Voc = 4.75 V D =10% Point 


В1 = 200 0 z 
R2 = 390 Q ene 
Сі = 50 pF O =90% Point 
25 50 75 100 
TA – Free-Alr Temperature - °C 


tpzL – Enable Time to Low Level — ns 


ТРОН – Enable Time to High Level — ns 





PROPAGATION DELAY TIME 
(іргі from |, ИО to VO) 
vs 
FREE-AIR TEMPERATURE 


Усс = 5.25 V о 

А1 = 2000 

R2 = 390 Q 8 = Mean 
CL = 50 pF О =90% Point 


25 50 75 100 
ТА —Free-Alr Temperature - °C 


PROPAGATION DELAY TIME 
(рән from I, VO to VO) 


vs 
FREE-AIR TEMPERATURE 


О =90% Point 





ТА – Free-Alr Temperature – °C 


(РЕН - Propagation Delay Time, Low to High — ns 


{РНЕ -Propagation Delay Time, High to Low – ns 





TIBPAL20R6-7C (continued) 


PROPAGATION DELAY TIME 
(tpi. н from CLK to а) 


vs 
FREE-AIR TEMPERATURE 


Усс 4.75 М О =10% Роми 


RT = 200 0 А = Мезп 


О = 90% Роми 





TA – Егее-А!г Temperature – °С 


PROPAGATION DELAY TIME 
{їр from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 475 V D = 10% Point 


R1 = 2000 


R2 = 360 0 А =Mean 


Сі = 50 pF О =90% Рог! 





25 50 75 
TA - Free-Air Temperature - °С 


100 


PROPAGATION ОЕГАУ TIME 
бын from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


Q =10% Point 
А - Меап 
= 90% Point 





tPLH – Propagation Delay Time, Low to High — ns 





TA - Free-Alr Temperature —^C 


PROPAGATION DELAY TIME 
брн from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 








О = 10% Роки 
А - Меап 
Сі = 50 pF О =90% Point 
0 25 50 75 100 
TA - Free-Alr Temperature — °С 


R1 = 2000 
R2 = 390 0 





{РНЕ -Ргорадайоп Delay Time, High to Low — ns 
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раме a NT a 
TIBPAL20R6-7C (continued) 


Трг 7 – Disable Time from Low Level — ns 


РНЕ – Disable Time from High Level – ns 


PROPAGATION DELAY TIME 
(рі2 from OE: to Q) 


vs 
FREE-AIR TEMPERATURE 


О =10% Point 
А - Меап 
О =90% Point 





ТА — Free-Air Temperature – °C 


PROPAGATION DELAY TIME 
(tpyz from OE! to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 475 V 
R1 = 200 Q 
R2 = 390 0 
Сі =5рЕ 





ТА —Free-Alr Temperature – °С 


tPLZ – Disable Time from Low Level – ns 


{РНЕ – Disable Time from High Level - ns 


PROPAGATION DELAY TIME 
(tpLz from OE! to Q) 


vs 
FREE-AIR TEMPERATURE 


D =10% Polnt 
А - Меап 
О = 90% Point 


Voc = 5.25 V 
R1 = 2000 
A2 = 3902 





TA – Free-Alr Temperature - °С 


PROPAGATION DELAY TIME 
(рн? from ОЕ! to Q) 


vs 
FREE-AIR TEMPERATURE 


O = 10% Point 
А - Меап 
О =90% Point 


Voc = 5.25 V 
Rt = 2002 
R2 = 3902 





TA – Free-Alr Temperature – °C 
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tPZL - Enable Time to Low Level - ns 


tpzH – Enable Time to High Level – ns 





TIBPAL20R6-7C (continued) 


PROPAGATION DELAY TIME 
(іргі from OET to 0) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V о = 10% Point 


А1 = 2000 
R2 = 390 0 Але Mean 





Сі = 50 pF O - 9090 Роми 


25 50 75 
ТА - Free-Alr Temperature - °С 


PROPAGATION DELAY TIME 
(‘рун from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 
Voc = 4.75 V 


R1 = 200 0 
R2 = 390 0 





TA – Free-Alr Temperature — °С 


100 





tpzL – Enable Time to Low Level — ns 


tpzH – Enable Time to High Level – ns 





PROPAGATION DELAY TIME 
Про from ОЕТ? to Q) 


vs 
FREE-AIR TEMPERATURE 


vec us у О =10% Рони 
= о 

R2 = 390 Q А = Mean 

Сі = 50 pF О =90% Point 


25 50 75 100 
TA - Free-Alr Temperature — °C 


PROPAGATION DELAY TIME 
(‘рн from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Үсс = 5.25 V = 10% Point 
91-2000 А Mean 


R2 = 390 Q 
Сі = 50 pF О =90% Point 








TA – Free-Air Temperature — °С 
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{РЕН - Propagation Delay Time, Low to High — ns 


{РНЕ –Ргораданоп Delay Time, High to Low – ns 
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TIBPAL20R8-7C 


PROPAGATION DELAY TIME 
Крин from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V с = 10% Point 
Ri = 200 0 А = Меап 

В2 = 390 0 

Сі = 50 pF О = 90% Point 





ТА - Free-Alr Temperature – °C 


PROPAGATION DELAY TIME 
брні from CLK to О) 
vs 
FREE-AIR TEMPERATURE 





Усс = 4.75 V С = 10% Point 


А1 = 209 0 2 
R2 = 390 0 A- = Mean 
C, = 50 pF О =90% Point 
25 50 75 100 
TA - Free-Air Temperature - °С 


tPLH — Propagation Delay Time, Low to High — ns 


{РНЕ -Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
Френ from CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.25 У О = 10% Point 





А1 = 200 Q А = Меап 
А2 = 3900 
6 Сі = 50 pF 


0 25 50 75 100 
TA – Free-Alr Temperature – °C 


PROPAGATION DELAY TIME 
(рн from CLK to Q) 
vs 
FREE-AIR TEMPERATURE 


О = 10% Роги 
А - Меап 
Сі = 50 pF О =90% Point 


0 25 50 75 100 
Ta – Егее-Аи Temperature — °C 


В1 = 2000 
R2 = 390 Q 





АЕ Liu Е 2) 
TIBPAL20R8-7C (continued) 


tpLZz – Disable Time from Low Level — ns 


'PHZ – Disable Time from High Level - ns 


PROPAGATION DELAY TIME 
(tpLz from ОЕ! to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
А1 = 2000 
В2 = 3900 


D =10% Рот 
А =Меап 
О =90% Point 





TA — Free-Alr Temperature – °С 


PROPAGATION DELAY TIME 
(tpyz from OE! to Q) 


vs 
FREE-AIR TEMPERATURE 
Voc = 4.75 V п = 10% Рони 


Ri = 200 0 2 
R2 = 390 0 Дос Mean 





TA – Free-Alr Temperature — °С 


tpLZ – Disable Time from Low Level — ns 


Трн – Disable Time from High Level – ns 


PROPAGATION DELAY TIME 
(tpi z from ОЕ! to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 5.25 V 
В1 = 2000 
В2 = 390 Q 


А = Меап 


О =10% Point 


О = 90% Point 





TA – Free-Alr Temperature – °С 


PROPAGATION ОЕГАУ TIME 
(tpyz from OE! to Q) 


vs 
FREE-AIR TEMPERATURE 
Voc = 5.25 V 


Al = 2000 
R2 = 3900 





TA – Free-Air Temperature - °С 


п = 10% Point 
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'PzL – Enable Time to Low Level – ns 


tpzH — Enable Time to High Level - ns 


TIBPAL20RB-7C (continued) 


PROPAGATION DELAY TIME 
(рг from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


О =10% Point 
& =Меап 
О =90% Point 





25 50 75 100 


TA – Free-Alr Temperature – °C 


PROPAGATION DELAY TIME 
Иран from ОЕТ to Q) 
vs 
FREE-AIR TEMPERATURE 


Vcc = 4.75 V D = 10% Роми 
В1 = 200 Q А = Меап 


R2 = 390 Q 
О =90% Point 





ТА - Free-Alr Temperature - °С 


tpzL – Enable Time to Low Level – ns 


{ран – Enable Time to High Level – ns 





PROPAGATION DELAY TIME 
(tpzų from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


С =10% Point 
А - Меап 
Сі = 50 pF О = 90% Point 


25 50 75 100 
TA – Free-Alr Temperature — °С 


А1 = 2002 
R2 = 390 Q 


PROPAGATION DELAY TIME 
(tpz from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 
Voc = 5.25 У 


Ri = 2000 
В2 = 390 0 








ТА - Free-Alr Temperature — °C 
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tsu - Setup Time — ns 





TIBPAL20R4-7C, TIBPAL20R6-7C, TIBPAL20R8-7C 


SETUP TIME 
(Input or feedback before CLK Т) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V о zLowRK 
А1 = 200 0 А = Normal 


о =HighRK 





25 50 75 
TA – Free-Alr Temperature — °C 


Усс = 4. 
Р1 = 200 
R2 = 390 


tw — Pulse Duration – ns 





HOLD TIME 
(Input or feedback after CLK T) 


vs 
FREE-AIR TEMPERATURE 





RK 
a 
с 
1 
Е 
ч 
с 
т 
1 
= 
Усс = 4.75 У 
R1 = 200 0 
R2 = 390 0 А =Normal RK 
C, = 50 pF © =HighRK 
100 0 25 50 75 109 
TA - Free-Air Temperature - °С 
PULSE DURATION 
(Най or Low) 


vs 
FREE-AIR TEMPERATURE 


75V 0 ziowRK 
Q А =Normal RK 
а О =HighRK 


25 50 75 
ТА – Free-Alr Temperature — °С 
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TIBPAL22V10-15BC 
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"x 


DEVICE INFORMATION 


TIBPAL22V10-15BC 
Тесһпоіоду.................... ІМРАСТ-Х 
Package Types: ............... 24-pin plastic DIP, 

28-pin plastic PLCC 
Last Die Revision .............. X (None) 
Ваг: Size sakirira емен Халгай 130 x 130 mils 
Still Air Thermal impedance : 
PDIP PLCC 


Raya with Air Flow : 


FPM PDIP PLCC 
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QUALIFICATION INFORMATION 


The TIBPAL22V10-15BC is qualified using the accelerated qualification program. The following summaries give the 
required tests and results for this device and any additional test performed for additional data. 


Required Tests and Results for TIBPAL22V10-15BC 


Package Type: 24 pin PDIP 
Die Lot Numbers: 9190916, 9244530, and 9107132 


EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
125°C Dynamic Op-Life 129/1 1000 НВ5 200/0 

130°C/85% RH HAST 129/1 100 HRS 200/11 500 HRS 199/0 
—65°С/150°С Temp Cycle 129/1 1000 СҮС 199/02 

-65%С/150%С Thermal Shock 77/1 200 СУС 200/0 1000 HRS 200/0 
Autoclave 77/1 240 НА$ 77/0 

ESD 3/0 2000 V 3/0 


1. Continuity failure caused by ESD. ТІ FA Report # D12-00443 
2. 1 unit mechanically damaged, broken lead, unable to test - removed from population. 
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CHARACTERIZATION INFORMATION 


TIBPAL22V10-15B 
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TIBPAL22V10-15B 


PROPAGATION DELAY TIME 














SUPPLY CURRENT (1, МО to VO) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 
Усс = 475 V 
R123000 
R2 = 390 0 
Сі = 50 pF 
Ї Virgin Devices % TA = 80°C 
| At 90% Point I 
š Ë 
Ë Ë 
5 > 
о 5 
Ї a 
а с 
8 8 
) 5 
9 8. 
9 Programmed Devices ° 
At 90% Point a 
20 
14 15 16 17 18 19 20 21 22 23 24 14 15 16 17 18 19 20 21 22 23 24 
Sheet Resistance — КО Sheet Resistance - КО 
PROPAGATION DELAY TIME 
PULSE DURATION (CLK to VO) 
vs vs 
SHEET RESISTANCE SHEET RESISTANCE 
Ё 
в 12222212) : 
' 
Ц Ё 
= 2 
z m 
Ë > 4 tw (high) 8 
Е ° 
I a 
= а. 
14 15 18 19 20 21 22 23 24 14 15 16 17 16 19 20 21 22 23 24 
Ж Resistance — КО Sheet Resistance - КО 
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Disable Time - ns 


tsu — Setup Time — ns 


9 
14 15 16 17 18 


7 
14 15 16 17 18 
Sheet Resistance - КО 





TIBPAL22V10-15B (continued) 


DISABLE TIME 
vs 
SHEET RESISTANCE 


Voc = 475 V 
А1 = 300 0 
R2 = 390 © 
CL <5рЕ 
ТА = 80°С 








"T | 


19 20 21 
Sheet Resistance - КО 


SETUP TIME 
vs 
SHEET RESISTANCE 


R1 23000 
R2 = 390 Q 


22 23 24 





СІ = 50 pF 
TA = 80°C 





19 20 21 


22 23 24 


Enable Time — ns 


Propagation Delay Time — ns 


9 
14 15 16 17 18 


4 
14 15 16 17 18 
Sheet Resistance - КО 


ENABLE TIME 
vs 
SHEET RESISTANCE 





19 20 21 
Sheet Resistance - КО 


22 23 24 


PROPAGATION DELAY TIME 
(CLK to Q) 
vs 
SHEET RESISTANCE 





19 20 21 22 23 24 





4-119 





TIBPAL22V 10-15B (continued) 


ASYNCHRONOUS RESET 
SETUP TIME RECOVERY TIME and PULSE DURATION 


vs vs 
SHEET RESISTANCE SHEET RESISTANCE 





асас 4 
Yu = Ë 
° 
I 
Ë Aeynchronous Reset ШЕ 3 Asynchronous Reset BR 
Е 5 Recovery 
a 
H 2 Ec e 
а 
| ШИНЖ 
> 
Voc = 4.75 V % 
R1z3000 $ Asynchronous Reset 
82 = 390 0 8 Pulse Duration 
CL = 50 pF 
ТА = 80°С 
2 
Ча 15 16 17 18 19 20 21 22 23 24 14 15 16 17 18 19 20 21 22 23 24 
Sheet Resistance – КО Sheet Resistance - КО 
FREQUENCY 


уз 
SHEET RESISTANCE 


Е Prak H- 
№“ 


fmax- Frequency - MHz 





14 15 16 17 18 19 20 21 22 23 24 
Sheet Resistance — КО 
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IMPACT-X Programmable Sequencers 
Devices included in this section: 


TIBPLS506AC 
TIBPSG507AC 
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пвкжилслэээсэвлыштээгэг ЕВЕ a ДЕСЕН КБЕ АЕ ааа нео се“ шыныны E Ys 
DEVICE INFORMATION 


IMPACT-X Programmable Sequencers 


1. Technology .................... IMPACT-X 

2. PackageTypes:................ 24-pin plastic DIP, 
24-pin ceramic DIP, 
28-pin plastic PLCC 

3. Last Die Revision ............... B 

Bar Size ....................... 125 x 173 mils 

5. Still Air Thermal Impedance : 


T 


PDIP CDIP PLCC 





6. Raya with Air Flow : 


FPM PDIP CDIP PLCC 


[ eo | ае | sr9 | 





38.0 31.5 35.3 
27.8 28.8 


БЕНЕН БЕНЕН ЕРЕН 
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QUALIFICATION INFORMATION 


Theprogrammable sequencers are qualified using the standard qualification program. The following summaries give 
the required tests and results for this device and any additional test performed for additional data. 


Required Tests and Results for PLS506A and PSG507A 


Device Type: PLS506A 
Package Type: 24 pin PDIP 
Die Lot Number: 9137700 

EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°C Dynamic Op-Life 129/1 384 HRS 129/0! 
125°C Dynamic Ор- Не 129/1 1000 HRS 128/02 2000 HRS 128/0 
130*C/8596 RH HAST 129/1 100 HRS 129/0 500 HRS 129/0 
—65°С/150°С Temp Cycle 129/1 1000 CYC 129/13 
—65°С/150°С Thermal Shock 129A 200 CYC 129/0 1000 CYC 129/0 
Autoclave 77A 240 HRS 77/0 384 HRS 770 
ESD 3/0 2000 V 6/0 


1. 1 unit mechanically damaged, broken lead, unable to test - removed from population. 
2. EOS damage due to reverse socket insertion - removed from population. TI FA Report # D12-00423 
3. Fuse Defect. TI FA Report # D12-00413 


Required Tests and Results for PL$506A and PSG507A Rev B Process Change 
Device Type: PSG507A 


Package Type: 24 pin PDIP 
Die Lot Numbers: 0206608 and 1027230 


TEST SS/F ENDPOINT RESULTS 
125°С Dynamic Op-Life 116/0 1000 НА$ 116/0 
130°С/85% RH HAST 129/1 200 HRS 150/11 


—65°С/150°С Thermal Shock 129/1 1000 CYC 231/0 


Device Type: PLS506A 

Package Type: 24 pin PDIP 

Die Lot Number: 1031145 

TEST SS/F ENDPOINT RESULTS 
125°С Dynamic Ор-Ше 116/0 1000 HRS 116/0 
130°C/85% RH HAST 770 200 НАЗ 770 


—65°С/150°С Thermal Shock 77/0 1000 СУС 116/0 


1. Bondwire short due to excessive wire sweep. TI FA Report # 000-10541 
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CHARACTERIZATION INFORMATION 


TIBPLS506AC and TIBPSG507AC 


Thetypical RK values for TIBPLS506AC and TIBPSG507AC range from —1096to +10%. RK values beyond this range 
are shown in the following graphs. 
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Icc- Supply Current - mA 





TIBPLS506A and TIBPSG507A 


SUPPLY CURRENT 
vs 
FREE-AIR TEMPERATURE 


-10% RK 
+10% АК 


0 25 50 75 100 
TA — Free-Alr Temperature – °С 
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a абы LZ NOR. 9 a£. 
TIBPLS506A and TIBPSG507A (continued) 


{РЕН – Propagation Delay Time, Low to High — ns 


{РИН – Propagation Delay Time, Low to High – ns 


PROPAGATION DELAY TIME 
ірің from По Q (nonregistered) 


vs 
FREE-AIR TEMPERATURE 


Үсс 2 475V а =+10% АК 


В1 = 300 О А = 0% АК 


= -20% RK 





TA - Free-Alr Temperature - °С 


PROPAGATION DELAY TIME 
tpi н from Но Q (nonregistered) with C-array 
vs 
FREE-AIR TEMPERATURE 


= +30% RK 
= —8% RK 
= -10% RK 


Усс = 4.75 V 
В1 = 300 0 
R2 = 390 0 
Сі = 50 pF 





TA - Free-Alr Temperature — °С 


{РНЕ -Propagation Delay Time, High to Low — ns 


{РНЕ -Propagation Delay Time, High to Low — ns 








PROPAGATION DELAY TIME 
ірні from По Q (nonregistered) 


vs 
FREE-AIR TEMPERATURE 
Усс = 4.75 V а =+10% АК 


ЯТ = 300 0 205 
R2 = 3900 ЕО RK 


= -20% АК 


25 50 75 100 
TA - Free-Alr Temperature - °С 


PROPAGATION DELAY TIME 
Їрн: from I to Q (nonreglstered) with C-array 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 





TA – Free-Alr Temperature — °С 
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TIBPLS506A and TIBPSG507A (continued) 


tsu- Setup Time -ns 


tsu- Setup Time - ns 








OUTPUT REGISTER SETUP TIME 


(Input or feedback to S/R Inputs before CLK Т) 


м5 
FREE-AIR TEMPERATURE 
Voc = 4.75 V О =+30% RK 


R2 = 390 2 
CL = 50 pF 


RI = 300 0 A =-8% RK 
o 


= -10% АК 


TA – Free-Air Temperature ~ °С 


BURIED REGISTER SETUP TIME 


(Input or feedback to S/R Inputs before CLK Т) 


vs 
FREE-AIR TEMPERATURE 


= +30% RK 
А =-8% АК 
O =-10% АК 


Усс = 4.75 У 
А1 = 300 Q 
Н2 = 3900 
Сі = 50 pF 








TA -Free-Alr Temperature – °C 


tsu – Setup Time – ns 


tsu- Setup Time - ns 


Voc = 4.75 V 
В1 = 300 Q 
R2 = 390 0 
Сі = 50 pF 








OUTPUT REGISTER SETUP TIME 


(Input or feedback to S/R Inputs before CLK 1) 


vs 
FREE-AIR TEMPERATURE 


= +30% RK 


= -10% ВК 








25 50 75 100 
TA - Ргее- А! Temperature - °C 


BURIED REGISTER SETUP TIME 


(Input or feedback to S/R Inputs before CLK 1) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V С =+30% RK 
В1 = 300 0 "x 

R2 = 390 0 ри ни 
CL = 50 pF O =-10% АК 





TA — Free-Alr Temperature – °С 
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tsu- Setup Time — ns 


tPLH - Propagation Delay Time, Low to High – ns 
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TIBPLS506A and TIBPSG507A (continued) 


OUTPUT REGISTER SETUP TIME 
(Input or feedback with C-array 
to S/R Inputs before CLK Т) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 У 
R1 = 300 Q 
В2 = 3900 


О =+30% RK 
А =-8% RK 


Сі = 50 pF © = 10% RK 





25 50 75 100 
TA – Егее-Аіг Temperature – °C 


PROPAGATION DELAY TIME 
(tpi н from CLK Ј to Output Register а) 
vs 
FREE-AIR TEMPERATURE 


= +30% RK 
= -8% RK 
= -10% RK 


Voc = 4.75 V 
R1 = 300 O 
В2 = 3900 
Сі 50 pF 





TA – Free-Air Temperature – °С 


tsu- Setup Time – ns 


{РНЕ -Propagation Delay Time, High to Low — ns 


OUTPUT REGISTER SETUP TIME 
(Input or feedback with C-array 
to S/R Inputs before CLK 1) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
R1 = 300 Q 
R2 = 3900 
Сі = 50 pF 


= +30% АК 
= -8% RK 


= -10% RK 





ТА – Ғгее-Аіг Temperature — °C 


PROPAGATION DELAY TIME 
(їрні from CLK | to Output Register Q) 


vs 
FREE-AIR TEMPERATURE 


- 
- 


Усс = 4.75 V О = +30% RK 
#1 = 300 0 == 

R2 = 390 Q ы жады 
10 Сі = 50 pF O =-10% RK 





TA - Free-Alr Temperature — °C 





tsu- Setup Time - ns 


TIBPSG507A (only) 


COUNTER SETUP TIME 


(Input or feedback to SCLRO before CLK 1) 


м5 
FREE-AIR TEMPERATURE 


Усс = 4.75 V О =+10% АК 


81 = 300 Q = 
R2 = 3900 & ERE 


© =-20% ВК 





TA —Free-Alr Temperature - °C 


tsu – Setup Time – ns 





COUNTER SETUP ПМЕ 


(Input or feedback to CNT/HLDO before CLK 1) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 У D =+10% RK 
АТ 300 2 ща 
В2 = 390 Q one BK 


О =-20% RK 


TA – Free-Alr Temperature — °С 
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{РЕН — Propagation Delay Time, Low to High — ns 


tPLH - Propagation Delay Time, Low to High – ns 
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TIBPLS506A and TIBPSG507A (continued) 


PROPAGATION DELAY TIME 
(рін from CLK T to Buried Register Q) 
vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V = +30% АК 
R1 = 300 Q 


= -8% RK 
= -10% АК 





TA – Free-Air Temperature – °C 


PROPAGATION DELAY TIME 
(tpi 4 from CLK J to Buried Register Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V О =+30% АК 
He А =-8% RK 


R2 = 3900 
O =-10% RK 





TA - Free-Alr Temperature — °C 


{РНЕ -Propagation Delay Time, High to Low — ns 


{РНЕ Propagation Delay Time, High to Low — ns 


PROPAGATION DELAY TIME 
Срнъ from CLK T to Buried Register Q) 


vs 
FREE-AIR TEMPERATURE 


= +30% RK 


Voc = 4.75 V 
R1 = 300 Q 
R2 = 390 0 








TA - Free-Alr Temperature - °С 


PROPAGATION DELAY TIME 
(рн from CLK 1 to Buried Register Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V = +30% ВК 


с 

R1 = 300 Q mud 

R2 = 390 Q AET SARK 
О =-10% АК 


CL = 50 pF 





TA —Free-Alr Temperature - °С 





ee И Є л 2-2 rr uc DL MC MIEL MR LEN ЕЕ _________ 
TIBPLS506A and TIBPSG507A (continued) 


tw — Pulse Duration — ns 


tw — Pulse Duration - ns 








OUTPUT REGISTER PULSE DURATION 
(CLK high) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 У = +30% АК 
A1 = 300 Q 212 
R2 = 390 O Те ТЕРЕ 
CL = 50 pF = -10% RK 
Ё 
1 
с 
o 
= 
Е 
3 
[=] 
8 
£ 
1 
3 
TA - Free-Alr Temperature — °С 
BURIED REGISTER PULSE DURATION 
(CLK high) 
vs 
FREE-AIR TEMPERATURE 
Усс = 4.75 V = +30% ВК 
В1 = 300 Q Е 
R2 = 390 Q не 
= –10% RK 
Ё 
I 
Е 
9 
Е 
3 
a 
Ф 
e 
2 
& 
1 
2 


ТА - Free-Alr Temperature — “С 








OUTPUT REGISTER PULSE DURATION 
(CLK low) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V = +30% RK 


D 
R123000 =- 
R2 = 390 Q Boc 
o 


= -10% RK 





TA - Free-Alr Temperature — °С 


BURIED REGISTER PULSE DURATION 
(CLK low) 


vs 
FREE-AIR TEMPERATURE 





Veo = 4. = +30% RK 
= Q = 9 

R2 = 390 0 š =8% RK 
CL = 50 pF --10% RK 





0 25 50 75 109 


TA – Егее- Аг Temperature – °C 
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tpLz – Disable Time from Low Level – ns 


'PZL – Enable Time to Low Level – ns 
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TIBPLS506A and TIBPSG507A (continued) 


DISABLE TIME 
(ріг from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
Ri = 300 0 
R2 = 390 Q 
Сі = 50 pF 


= +30% АК 
= -8% ВК 
= -10% RK 


25 50 75 100 
TA - Free-Air Temperature - “С 


ENABLE TIME 
(1р2 from ОЕ! to Q) 


vs 
FREE-AIR TEMPERATURE 


= +30% RK 
= -8% RK 
= -10% RK 


Усс = 4.75 V 
А1 = 300 0 
R2 = 390 Q 





TA - Free-Alr Temperature – °C 


{РНР – Disable Time from High Level – ns 


tpzH - Enable Time to High Level – ns 


DISABLE TIME 
(tpyiz from ОЕТ to Q) 


vs 
FREE-AIR TEMPERATURE 


= +30% AK 
= —8% АК 


Усс = 4.75 V 
А1 = 3000 
R2 = 3900 
CL = 50 pF 





TA – Free-Air Temperature — °С 


ENABLE TIME 
(tpzy from OE! to Q) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
R1 = 300 Q 
R2 = 3900 
CL = 50 РЕ 





TA – Free-Alr Temperature – °C 





TICPAL22V10Z 
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DEVICE INFORMATION 
TICPAL22V10Z 
Technology .................... CMOS 
Package Турев:................ 24-pin plastic DIP, 


24-pin windowed ceramic DIP, 
28-pin plastic PLCC 

Last Die Revision ............... B 

Bar 91262. она: 93 х 160 mils 

Still Air Thermal Impedance : 


PDIP CDIP PLCC 





Raga with Air Flow : 


FPM PDIP CDIP PLCC 
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QUALIFICATION INFORMATION 
The TICPAL22V10Z device is qualified with the accelerated qualification program. The PLCC package needed 


additional qualification due to a change of mold compound. The following summaries give the required tests, results, 
andany additional testing performed for additional data. 


Required Tests and Results for TICPAL22V10Z 


Package Type: 24 pin PD 
Date Code: 9013 
Die Lot Number: 9333169 

EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°C Dynamic Op-Life 129/1 413 HRS 129/11 
125°С Dynamic Op-Life 129/1 168 HRS 129/12 1000 НВ5 128/0 
130°С/85% RH HAST 129/1 100 НА$ 129/0 200 HRS 129/0 
—65°С/150°С Thermal Shock 77/1 200 СҮС 7710 1000 СҮС 77/0 
Autoclave 77 240 HRS 77/0 
Latchup 5/0 5/0 
ESD 3/0 2000 V 3/33 
ESD 1500 V 3/23 
ESD 1000 V 3/0 


Required Tests and Results for TICPAL22V10Z PLCC Package 


Package Type: 28 pin PLCC 
Date Code: 9033BL 
Die Lot Number: 0089327 
EXTENDED 
TEST 55/Е ENDPOINT RESULTS READPOINT RESULTS 
150°С Storage Life 77/71 1000 HRS 77/0 
125*C Dynamic Op-Life 129/1 1000 HRS 129/0 
85*C/8596 RH 129/1 1000 HRS 129/0 
—65°С/150°С Thermal Shock 77h 200 CYC 77/0 1000 CYC 77/0 
—65°С/150°С Temp Cycle 129/1 1000 CYC 129/0 
Autoclave 77/1 240 HRS 770 288 НАЗ 770 
ESD 1000 V 3/03 


1. Root cause of failure undetermined. 
2. Failure due to particulate contamination of gate oxide. TI FA Report # D12-00526 
3. Device released on 1 kV ESD waver. 
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CHARACTERIZATION INFORMATION 


TICPAL22V10Z 


4-139 


4-140 





TICPAL22V10Z 


STANDBY SUPPLY CURRENT 
(Zero-Power Mode) 


vs 
FREE-AIR TEMPERATURE 





< 

а 

4 

E 

2 

3 

1 

о 

9 

TA - Free-Alr Temperature - °С 
LOW-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGE 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 
400 
Усс = 4.75 V Усс = 4.75 V 

Е 7 
! 350 е 
i i 
5 2 
Ё 300 š 
° 9 
5 
+ š 
a 250 2 
і ° 
a x 
1 1 
34 x 
p 2 





TA -Free-Alr Temperature — °С TA – Free-Air Temperature - °C 
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TICPAL22V102 (continued) 


PROPAGATION DELAY TIME 
(l, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 У 

R1 = 300 0 

R2 = 390 Q 

CL = 50 pF 
Zero-Power Mode 


tpd – Propagation Delay Time - ns 


О z1096Polnt 
& zMean 
О =90% Роки 


20 40 60 80 100 


TA – Free-Alr Temperature — °C 


PROPAGATION DELAY TIME 
(I, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
R1=300 Q 
R2 = 390 0 
CL = 80 pF 
Turbo Mode 


tpd — Propagation Delay Time — ns 


TA - Free-Alr Temperature - “С 








{ра – Propagation Delay Time — ns 


Тра – Propagation Delay Time - ns 





PROPAGATION DELAY TIME 
(I, VO to O, UO) 


vs 
FREE-AIR TEMPERATURE 


R1 = 300 Q 
R2 = 390 Q 
Сі = 50 pF А = Меап 

Zero-Power Mode О =90% Point 


20 40 60 80 100 
ТА — Free-Alr Temperature – °С 


D =10% Point 


PROPAGATION DELAY TIME 
(I, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


D = 10% Point 
А - Меап 
О =90% Ројт 


Vcc = 5.5 V 
А1 = 3000 
R2= 3900 
Сі = 50 pF 
Turbo Mode 





TA —Free-Alr Temperature – °С 
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tsu – Setup Time – ns 


tsu – Setup Time - ns 








TICPAL22V10Z (continued) 


SETUP TIME 
(Input or Feedback) 


vs 
FREE-AIR TEMPERATURE 


Усс 4.75 У 
R1 = 3000 
R2 = 3900 


с =10% Point 
CL = 50 pF а= Маап 
2его-Ромег Моде О = 90% Point 


40 60 80 100 
TA – Free-Alr Temperature - °С 


SETUP TIME 
(Input or Feedback) 


vs 
FREE-AIR TEMPERATURE 


а = 10% Роми 
А = Меап 
О = 90% Роми 


Усс = 4.75 У 
А1 = 300 Q 
R2 = 390 Q 
Сі = 50 pF 
Turbo Mode 





TA – Ргөө-Аіг Temperature — °С 


tsu – Setup Time – ns 


tsu – Setup Time – ns 








SETUP TIME 
(Input or Feedback) 


vs 
FREE-AIR TEMPERATURE 


Усс = 5.5 У 

R1 = 300 Q 

А2 = 390 Q 

Сі = 50 pF 
Zero-Power Mode 


TA – Free-Air Temperature - °C 


SETUP TIME 
(Input or Feedback) 


vs 
FREE-AIR TEMPERATURE 
Усс = 55V О =10% Point 
Ri = 300 0 - 
R2- 3900 A = Mean 
O -9096 Рони 


CL = 50 pF 
Turbo Mode 


20 40 60 80 100 
TA – Ғгее-Аіг Temperature – °C 
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ТІСРА1.22У102 (continued) 


PROPAGATION DELAY TIME 
(CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc =4.75V О = 10% Point 
R1 = 300 0 E 

R2 = 390 0 B MM 

Сі = 50 pF О =90% Рот 
Zero-Power Mode 


ра – Propagation Delay Time – ns 





TA - Free-Alr Temperature - ^C 


PROPAGATION DELAY TIME 
(CLK to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 5.5 V п = 10% Point 
А1 300 0 l 

R2 = 390 0 A Mean 

CL = 50 pF О =90% Point 


Zero-Power Mode 


ра – Propagation Delay Time — ns 





TA —Free-Alr Temperature — °C 
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{ра — Propagation Delay Time —пз 


ра – Propagation Delay Time — ns 











ТІСРА1.22У102 (continued) 


PROPAGATION DELAY TIME 
(Asynchronous Reset to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
В1 = 300 0 D =10% Point 
R2 = 390 Q 

А - Меап 


Сі = 50 pF 
Zero-Power Mode 0 =90% Point 


40 60 80 100 
ТА – Егее-А г Temperature – °С 


PROPAGATION DELAY TIME 
(Asynchronous Reset to Q) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 У 
R1 = 3000 
R2 = 3900 
Сі = 50 pF 
Turbo Mode 


D =10% Point 
А - Меап 
О =90% Point 





ТА - Free-Air Temperature - °C 


tod — Propagation Delay Time — ns 


ірі — Propagation Delay Time - ns 








PROPAGATION DELAY TIME 
(Asynchronous Reset to Q) 


vs 
FREE-AIR TEMPERATURE 





с =10% Point 
A =Mean 


Zero-Power Mode О = 90% Point 


40 60 80 100 
TA – Free-Alr Temperature — °С 


PROPAGATION DELAY TIME 
(Asynchronous Reset to Q) 


vs 
FREE-AIR TEMPERATURE 


Veo =5.5V О =10% Point 
R1 = 300 Q = 

А2 = 390 Q Ду 

Сі = 50 pF О =90% Point 
Turbo Mode 





ТА – Free-Air Temperature – °C 





4-145 








tsu — Setup Time – ns 


tsu – Setup Time – ns 








TICPAL22V10Z (continued) 


SETUP TIME 
(Asynchronous Reset Inactive) 


vs 
FREE-AIR TEMPERATURE 


tsu – Setup Time – ns 


Усс = 4.75 V 
А1 = 300 0 
R2 = 390 0 


О =10% Point 


CL = 50 pF А - Меап 
Zero-Power Mode О =90% Point 
40 60 80 100 
TA – Free-Alr Temperature - °C 


SETUP TIME 
(Asynchronous Reset Inactive) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
А1 = 300 0 
2 = 390 0 
Сі = 50 pF 
Тифо Моде 


tsu – Setup Time – ns 


TA – Free-Alr Temperature – °C 





SETUP TIME 
(Asynchronous Reset Inactive) 


үз 
FREE-AIR TEMPERATURE 


R22 3900 О =10% Point 
CL = 50 pF А = Меап 
Zero-Power Mode 0 =90% Point 
20 40 60 80 100 
ТА – Free-Alr Temperature – °C 


SETUP TIME 
(Asynchronous Reset Inactive) 


vs 
FREE-AIR TEMPERATURE 


B = 10% Point 
A = Меап 
О =90% Рот 


Усс = 5.5 V 
R123000 
Н2 - 3900 
Сі = 50 pF 
Turbo Mode 





TA – Free-Air Temperature — °С 
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tsu – Setup Time – ns 


tsu – Setup Time – ns 








TICPAL22V10Z (continued) 


SETUP TIME 
(Synchronous Preset Inactlve) 


vs 
FREE-AIR TEMPERATURE 


Vcc = 4.75 М 
В! = 300 Q 
82 = 390 Q 


О =10% Роми 
Сі = 50 pF нев 
Zero-Power Mode О = 90% Point 


40 60 80 100 
ТА - Free-Alr Temperature – °С 


ЗЕТУР ТІМЕ 
(Synchronous Preset Inactlve) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V D = 10% Point 
RT = 300 O 


R2 = 3000 A Mein 
Сі = 50 pF О =90% Point 


Turbo Mode 





TA - Free-Air Temperature — °C 


tsu – Setup Time — ns 


tsu – Setup Time – ns 


SETUP TIME 
(Synchronous Preset Inactive) 


vs 
FREE-AIR TEMPERATURE 


А = 3002 

R2 = 390 Q 

Сі = 50 pF 
Zero-Power Mode 
20 40 60 80 400 
TA —Free-Alr Temperature – °C 


О =10% Point 
А - Меап 
О =90% Point 





ЗЕТУР ТЇМЕ 
(Synchronous Preset Inactive) 


vs 
FREE-AIR TEMPERATURE 


D = 10% Рот 
А = Меап 
О =90% Point 


Усс = 5.5 У 
R1 = 300 Q 
R2 = 3900 
Сі = 50 pF 





TA – Free-Alr Temperature – °С 
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1416 – Disable Time - ns 


1816 — Disable Time — ns 





TICPAL22V10Z (continued) 


DISABLE TIME 
(I, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


Усс = 4.75 V 
RT 300 O 
R2 = 390 0 


О =10% Point 
С|-5рЕ А - Меап 
Zero-Power Mode О =90% Роки 


20 40 60 80 100 
TA – Free-Alr Temperature - °С 


DISABLE TIME 
(I, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 
Voc = 4.75 V D = 1000 Point 
Ri = 300 0 - 
R2 = 390 0 AE Moan 
О =90% Polnt 


Сі =5 pF 
Turbo Mode 








Ta — Free-Alr Temperature - °C 


!dis — Disable Time — ns 


Так — Disable Time — ns 





DISABLE TIME 
(l, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


нэ 5 390 d GQ = 10% Point 
Сі =5 pF Sines 
Zero-Power Mode О =90% Point 
20 40 60 80 100 
ТА – Free-Air Temperature – °С 


DISABLE TIME 
(i, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 
Үсс-55У D = 1090 Point 
Ri 300 0 i 
R2 = 390 O шинэ 
CL -5pF © =90% Point 
Turbo Mode 





TA - Free-Alr Temperature — °C 
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ten – Enable Time — ns 


ten — Enable Time - ns 








TICPAL22V10Z (continued) 


ENABLE TIME 
(I, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


Voc = 4.75 V 
ч = 205 о o -10%Роіт 
E о А = Меап 


Сі = 50 pF 
Zero-Power Mode О =90% Рот 


40 60 80 100 
ТА —Free-Alr Temperature – °C 


ENABLE TIME 
(I, VO to O, VO) 
vs 
FREE-AIR TEMPERATURE 

Voc = 4.75 V = 10% Роми 
АТ = 300 Q 
R2 = 3900 
Сі = 50 pF 
Turbo Mode 





TA — Free-Air Temperature – °C 


ten – Enable Time — ns 


ten – Enable Time – ns 





20 


ENABLE TIME 
(I, VO to О, VO) 


vs 
FREE-AIR TEMPERATURE 


О = 10% Point 
Сі = 50 pF А - Меап 
Zero-Power Mode О =90% Рони 


40 60 80 100 
TA – Free-Alr Temperature - °С 


R2 = 390 0 


ENABLE TIME 
(I, VO to O, VO) 


vs 
FREE-AIR TEMPERATURE 


D = 10% Point 
А - Меап 
О =90% Роми 


Voc = 5.5 V 
R1 = 300 Q 
В2 = 390 0 
Сі = 50 pF 
Turbo Mode 





TA —Free-Air Temperature — °С 
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4-150 


ЕРЗЗО 


4-151 
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DEVICE INFORMATION 


ЕРЗЗО 
1. Тесћпојоду.................... CMOS 
2. Package Types: ............... 20-pin plastic DIP, 
20-pin plastic PLCC 
3. Last Die Revision .............. A 
4. BarSize: ..................... 86 x 106 mils 
5. Still Air Thermal Impedance : 
PDIP PLCC 


6. Rega with Air Flow : 


FPM PDIP PLCC 












4-153 





QUALIFICATION INFORMATION 


The EP330 device is qualified using the accelerated qualification program. The following summaries givethe required 
tests and results for this device and any additional test performed for additional data. 


This device is released on waver due to ESD failures over 1000 V. 


Required Tests and Results for EP330 


Package Type: 20 pin PDIP 


Die Lot Numbers: 0158622 and 0197535 


TEST SS/F 
150°C Dynamic Op-Life 129/1 
125°C Dynamic Op-Life 129/1 
130°C/85% RH HAST 129/1 
—65°С/150°С Thermal Shock 77/1 
Latchup 5/0 
ESD 3/0 
ESD 


1. Device released on 1 kV ESD waver. 
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ENDPOINT 
413 HRS 
168 HRS 
100 HRS 
200 CYC 


2000 V 
1000 V 


EXTENDED 
RESULTS READPOINT 
129/0 

129/0 

129/0 200 HRS 
77/0 

5/0 

3/31 

3/0 


RESULTS 


129/0 


CHARACTERIZATION INFORMATION 


EP330 
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ЕРЗЗО 


SUPPLY CURRENT 
(Programmed as a 8-BIt Counter) 


мз 
FREE-AIR TEMPERATURE 


lcc- Supply Current – mA 





TA —Free-Alr Temperature – °С 
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ра - Propagation Delay Time — ns 


{ра – Propagation Delay Time — ns 








EP330 (continued) 


PROPAGATION DELAY TIME 
(Input to Nonregistered Output Delay) 


vs 
FREE-AIR TEMPERATURE 


inverting Output 
В1 = 1500 
R2-820 


рд – Propagation Delay Time -ns 


ТА - Free-Air Temperature - °С 


PROPAGATION DELAY TIME 
(VO to Nonregistered Output Delay) 


vs 
FREE-AIR TEMPERATURE 
Inverting Output 


В1 = 150 Q 
Н2-820 


{ра — Propagation Delay Time - ns 


TA — Free-Alr Temperature – °С 











PROPAGATION DELAY TIME 
(Input to Nonregistered Output Delay) 


vs 
FREE-AIR TEMPERATURE 


Nor-inverting Output 
Ri = 1500 
В2 - 820 


ТА – Free-Air Temperature — °C 


PROPAGATION DELAY TIME 
(VO to Nonregistered Output Delay) 


vs 
FREE-AIR TEMPERATURE 


Non-Inverting Output 
R1=1500 

R2 = 820 

CL = 35 pF 





TA – Free-Alr Temperature – °C 
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Ñu- Setup Time -ns 


VoL — Low-Level Output Voltage - mV 









a 


EP330 (continued) 


SETUP TIME 
vs 
FREE-AIR TEMPERATURE 


R1=1500 
В2-820 
Сі = 35 pF 


tod — Propagation Delay Time - ns 


TA – Free-Alr Temperature - °С 


LOW-LEVEL OUTPUT VOLTAGE 


vs 
FREE-AIR TEMPERATURE 


Уон — High-Level Output Voltage — V 


ТА — Free-Air Temperature — °С 





PROPAGATION DELAY TIME 
(Clock Input to Registered Output Delay) 


vs 
FREE-AIR TEMPERATURE 


РА = 150 Q 
R2 = 820 
CL = 35 pF 


ТА - Free-Alr Temperature - °C 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 





TA – Free-Air Temperature — °С 
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ЕР6ЗО 
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DEVICE INFORMATION 


EP630 

Тесһпоіоду .................... CMOS 
Package Types: ............... 24-pin plastic DIP, 

28-pin plastic PLCC 
Last Die Revision .............. F 
Bal Size: ионные 108 x 134 mils 
Still Air Thermal Impedance : 

PDIP PLCC 


Raua with Air Flow : 


FPM PDIP PLCC 
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QUALIFICATION INFORMATION 


The EP630 device is qualified using the accelerated qualification program. The following summaries give the required 
tests and results for this device and any additional test performed for additional data. 


This device is released on waver due to ESD failures over 1000 V. 


Required Tests and Results for EP630 


Package Type: 24 pin PDIP 
Date Code: 031DL 
Die Lot Number: 0060736 

EXTENDED 
TEST SS/F ENDPOINT RESULTS READPOINT RESULTS 
150°C Dynamic Op-Life 129/1 433 HRS 129/0 
125°C Dynamic Op-Life 129/1 168 HRS 129/0 1000 HRS 129/0 
130°C/85% RH HAST 129/1 100 HRS 129/0 200 HRS 129/0 
—65°С/150°С Thermal Shock 77/1 100 CYC 77/0 200 CYC 77/0 
Latchup 5/0 5/0 
ESD 3/0 2000 V 3/3! 
ESD 1000 V 3/0 


1. Device released on 1 kV ESD waver. 
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CHARACTERIZATION INFORMATION 


EP630 
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ІСС- Supply Current — р A 


VOL — Low-Level Output Voltage — V 


SUPPLY CURRENT 
(Standby Mode) 
vs 
FREE-AIR TEMPERATURE 


0 
-75 -50 -2 0 25 50 75 100 


0.4 


0.3 


0.2 


0.1 


0 
-75 -60 -25 0 25 50 75 109 


TA – Free-Air Temperature - °С 


LOW-LEVEL OUTPUT VOLTAGE 
уз 
FREE-AIR TEMPERATURE 


TA – Free-Alr Temperature — °C 


EP630 











SUPPLY CURRENT 
(Turbo Mode) 
vs 
FREE-AIR TEMPERATURE 


Їсс – Supply Current – mA 





0 
-75 -50 -25 0 25 50 75 100 125 
ТА - Free-Air Temperature – °С 


HIGH-LEVEL OUTPUT VOLTAGE 
vs 
FREE-AIR TEMPERATURE 


Уон – High-Level Output Voltage - У 





0 
-75 -50 -25 0 25 50 75 100 125 
ТА – Free-Air Temperature - °C 














ipd – Propagation Delay Time — ns 


EP630 (continued) 


PROPAGATION DELAY TIME PROPAGATION DELAY TIME 
(Input to Nonregistered Output Delay) (Input to Nonregistered Output Delay) 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 


А1 = 855 0 
А2 = 340 0 
Сі = 35 pF 


tod - Propagation Delay Time - ns 





5 
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125 
ТА – Ргве- А Temperature — °С ТА – Free-Alr Temperature — °С 


PROPAGATION DELAY TIME 
(VO Input to nonregistered Output delay) 
vs 
FREE-AIR TEMPERATURE 


R1 = 855 Q 
R2 = 3400 
CL = 35 pF 


рд – Propagation Delay Time – ns 





5 
-75 -50 -25 0 25 50 75 100 125 


ТА – Free-Air Temperature — °С 
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telr ~ Propagation Delay Time — ns 


tpzX – Output Enable Time — ns 


PROPAGATION DELAY TIME 
{Asynchronous Output Clear Time) 
vs 
FREE-AIR TEMPERATURE 


-25 0 25 50 75 
TA - Free-Air Temperature – °C 


OUTPUT ENABLE TIME 
үз 
FREE-AIR TEMPERATURE 





-25 0 25 50 75 
TA - Егөө-Аіг Temperature - °C 


EP630 (continued) 








1co1 – Propagation Delay Time — ns 


tpxZz ~ Output Disable Time - ns 








PROPAGATION DELAY TIME 
(Clock to Output Delay Time) 
vs 
FREE-AIR TEMPERATURE 


R2 = 3400 
CL = 35 pF 


5 
-75 -50 -25 0 25 50 75 100 125 


TA —Free-Alr Temperature – °С 


OUTPUT DISABLE TIME 
vs 
FREE-AIR TEMPERATURE 


Н1-8550 
R2 = 3400 


КЕ Тигьо Моде AA 
— | 


5 
-75 -50 -25 0 25 50 75 100 125 


TA - Free-Alr Temperature – °С 
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ЕР1830 
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DEVICE INFORMATION 


EP1830 
1. Тесһпоіоду.................... CMOS 
2. Package Турев:............... 68-pin plastic PLCC 
3. Last Die Revision .............. G 
4. BarSize ...................... 305 x 133 mils 
5. Still Air Thermal Impedance : 

PLCC 
Rasa 


6. Roya with Air Flow: 
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QUALIFICATION INFORMATION 


The EP1830 device is qualified using the accelerated qualification program. The following summaries give the 
required tests and results for this device and any additional test performed for additional data. 


This device is released on waver due to ESD failures over 1000 V. 


Required Tests and Results for EP1830 


Package Type: 68 pin PLCC 
Date Code: 129AL 
Die Lot Number: 1155252 
EXTENDED 
TEST 55/Е ENDPOINT RESULTS READPOINT RESULTS 
125*C Dynamic Op-Life 77/0 1000 HRS 770 
130°C/85% RH HAST 129/1 100 HRS 129/0 200 HRS 129/0 
—65°С/150°С Thermal Shock 77h 100 CYC 77/0 200 CYC 770 
-65%С/150%С Temp Cycle 77A 1000 CYC 77/0 
Latchup 5/0 5/0 
ESD 3/0 2000 V 3/31 
ESD 1000 V 3/0 


1. Device released on 1 kV ESD waver. 
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MECHANICAL DATA 





ЕКО20 and FK028 ceramic chip carrier packages 


Each of these hermetically sealed chip carrier packages has a three-layer ceramic base with a metal lid and 
braze seal. The packages are intended for surface mounting on solder lands on 1,27 (0.050) centers. Terminals 
require no additional cleaning or processing when used in soldered assembly. 


FK package terminal assignments conform to JEDEC Standards 1 and 2. 


FK020 and FK028 
(28-pin used for lilustration) 


OUTLINE TERMINALS 
DESIGNATIONT 
m 869 | 909 | 7,80 | 9,09 
(0.342) | (0.358) | (0.307) | (0. 
” 11,23 | 11,63 | 10,31 | 11,63 
(0.442) | (0.458) | (0.406) | (0.458) 


T All dimensions and notes for the specified JEDEC outline apply. 


MS004CC 


Index Comer 


0,51 (0.020) 
0,25 (0.010) 


| 0,51 (0.020) 
0,25 (0.010) 


1,40 (0.055) 
1,14 (0.045) 


0,71 (0.028) Ё| =: E 1,14 (0.045) 


0,56 (0.022) 0,89 (0.035) ree 
1,27 (0.050) ТР. 1,63 (0.064) 


ALL LINEAR DIMENSIONS АВЕ IN MILLIMETERS AND PARENTHETICALLY IN INCHES 
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MECHANICAL DATA 


ЕМ020 and ҒМ028 plastic chip carrier packages 


Each ofthese chip carrier packages consists of a circuit mounted on a lead frame and enncapsulated within an 
electrically nonconductive plastic compound. The compound withstands soldering temperatures with no 
deformation, and circuit performance characteristics remain stable when the devices are operated in 
high-humidity conditions. The package is intended for surface mounting on 1,27 (0.050) centers. Leads require 
no additional cleaning or processing when used in soldered assembly. 


ЕМО20 and FN028 
(20-ріп package used for Illustration) 


D 


D4 (see Note B) (see Note D) 


[+ [6.18 (0007 S 8@ [ п- | бекіт Piano 
[L] (0.002 iN iN.) | 8 | 0,51 (0.020) R. MAX 
3 Places 
1,22 (0.048) 142 (0066; 
107 (0.042) 2 Places На (see Note C) 1.07 (0.042) Id 0,245) В. ТҮР 
— 0,81 (0.092) тур : 
0,66 (0.026) : 


[%[0.18 (0.007) ӨГЇВӨТ АС) 

2 Sides (see Note E) Do, E2 
(see Note F) 
1,27 (0.050) T.P. (see Note F) 


CEOE 
[+ (038 001 15-56) 


9 10 11 12 13 


(зеө 


0,51 (0.020) ММ 


0,36 (0.014 = 
0.20 (0.008) (Includes Lead Finish} 


Sum of Dam Bar Protrusions 
to be 0,18 (0.007) Maximum 
Per Lead 


(see table on following page for additional dimensions) 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. All dimensions conform to JEDEC Specification MO-047AA/AB. Dimensions and tolerancing are per ANSI Y14.5M — 1982. 
B. Dimensions D4 and E4 do notinclude mold flash protrusion. Protrusion shall not exceed 0,25 (0.010) on any side. Centerline of center 
pin each side is within 0,10 (0.004) of package centerline by dimension B. The lead contact points are planar within 0,10 (0.004). 


. Datums and for center leads are determined at datum [-н-} 
. Datum (-н-) is located at top of leads where they exit plastic body. 

. Location of datums and to be determined at datum [=H-]. 

. Determined at seating plane 1-2-| 





nmo о 
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MECHANICAL DATA 





ҒМ020 and ҒМ028 2. chip carrier packages (continued) 





MO-047AA 4,19 4,57 EIN 3,05 9,78 10,03 8,89 9,04 7,37 ћ 5,08 
(0.165) | (0.180) | (0.090) | (0.120) | (0.385) | (0.395) | (0.350) | (0.356) | (0.290) . (0.200) 
MO-047AB 4,19 4,57 2,29 3,05 12,32 12,57 11,43 11,58 9,91 10,92 7,62 

(0.165) | (0.180) | (0.090) | (0.120) | (0.485) | (0.495) | (0.450) | (0.456) | (0.390) | (0.430) | (0.300) 


NOTES: A. All dimensions conform to JEDEC Specification MO-047AA/AB. Dimensions and tolerancing are per ANSI Y14.5M — 1982. 


F. Determined at seating plane CEI 
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MECHANICAL DATA 





4020 ceramic dual-in-line package 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows on 
7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Solder-coated leads require no additional cleaning or processing when 
used in soldered assembly. 


24,76 (0.975) 
23,62 (0.930) 


0,63 (0.025) 
R NOM 


7,87 (0.310) 
7,37 (0.290) 


7,62 (0.300) 
6,22 (0.245) 


1,27 (0.050) NOM 1.78 (0.070) MAX 20 Places 


1 Glass 
3,30 (0.130) Қ . Sealant 
MIN АХ 


эс 0,36 (0.014) 0.305 (0.012) ММ > | 0,69 (0.027) MIN 0,58 (0.023) 


0,20 (0.008) 4 Places o (0027)! 0,38 (0.015) 


20 Places Рт Зраста ( N nos B а с) 
see Notes B & C шағы 
с ) 2,54 (0.100) Т.Р. 1,27 (0.050) 


(see Note A) 0,38 (0.015) 
4 Places 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above the seating 
plane 
D. The window is present only on UV-eraseable products. 
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MECHANICAL DATA 





JT024 and 41028 ceramic dual-in-line packages 


These hermetically sealed dual-in-line packages consist of a ceramic base, ceramic cap, and a lead frame. 
Hermetic sealing is accomplished with glass. The package is intended for insertion in mounting-hole rows on 
7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient tension is provided to secure the 
package in the board during soldering. Solder-coated leads require no additional cleaning or processing when 
used in soldered assembly. 


41024 and JTO28 
(24-рїп package used for Illustration) 


WINDOW 
(see Note B) 


5,08 (0.200) MAX 
б? (0-300) 0,38 (0.015) ММ 
с 1,78 (0.070) 24 Places 
1,27 (0.050) МОМ 0,76 (0.030) 


GLASS 
3,30 (0.130) MIN 277 SEALANT 


0,36 (0.014) 
0,20 (0.008) 2.54 (0.100) Т.Р. 24 Places 2,54 (0.100) MAX 


24 Places (See Note A) 4 Places 


0,69 (0.027) MIN 
0,58 (0.023) E |- и гон 
Pin Spacing 0,38 (0.015) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. The window is present only on UV-eraseable products. 
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MECHANICAL DATA 


№20 300-mil plastic dual-in-line package 


This dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for 
insertion in mounting-hole rows on 7,62 (0.300) centers . Oncetheleads are compressed and inserted, sufficient 
tension is provided to secure the package in the board during soldering. Leads require no additional cleaning 
or processing when used in soldered assembly. 


Designation per JEDEC Std 30: 
PDIP-T20 


11 


Index Mark 


7,87 (0.310) 24,77 (0.975) 


10 
7,37 (0.290) шз) NEN 
0,51 (0.020) 23,22 (0.914) 
7,11 (0.280 
2470260) MIN 1,78 (0.070) MAX 20 Places 
5,08 (0.200) MAX ОРЛОН ЭГ 


Seating 


105° Рапе 
Ви 0,36 (0.014) И 0,84 (0.033) ММ 
20 Places а 0,25 (0.010) | 3,94 (0.155) ю- > 4 Ё > 16 Places 


20 Places 3/17 (0.125) Pin Spacing 2,54 (0.100) Т.Р. 
(see Notes B and C) 1,68 (0.066) (see Note A) 0,533 (0.021) 
0,22 (0.009) озат (0015) 381 (0.015) 
4 Places 20 Places 
25 40 (1.000 (see Notes B and C) 


25,40 (1.000) 
23,62 (0.930) 
1,91 (0.075) 0,51 000) Alternate Side View 
1,02 (0.040) IN — | 1,78 (0.070) МАХ 20 Places 
4 Places = — 

VIEW A 5,08 (0.200) MAX 


Parts may be supplied in accordance 
with the alternate side view at the 
option of TI. European-manufactured А A 0,84 (0.033) MIN 
parts may have pin 1 as shown in view 3,94 (0.155) ю- ДЕ 16 Places 

А. Atternate-side-view parts 3,17 (0.125) 


manufactured outside of tho USA Рт Spacing 2,54 (0.100) Т.Р. Jk 0,533 (0.021) 
may have a maximum package length 1,27 (0.050 (вее Note А) 0,381 EAIN] 015) 
of 26,7 (1.050). 0,38 (0.015) 20 Places 


4 Places (вее Notes B and С) 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
В. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating plane. 
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MECHANICAL DATA 





№028 600-mil plastic dual-in-line package 


This dual-in-line package consist of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for 
insertion in mounting-hole rows on 15,24 (0.600) centers. Once the leads are compressed and inserted, 
sufficient tension is provided to secure the package in the board during soldering. Leads require no additional 
cleaning or processing when used in soldered assembly. 


М028 


мэрийж 440) 2222 


Index 
13,97 (0.550) MAX 
ил 


15,48 (0.610) Ж. 
14,99 (0,590) 5,08 (0.200) МАХ 


0,51 (0.020) ММ 1,40 (0.055) МОМ 


Seating 
105* ! 


90° 0,54 (0.021) 
0,36 (0.014) >h- 0981001 ЭС 1,78 (0.070) j| 
0,20 (0.008) 28 Places оде (9.030) 
28 Places (see Notes В & C) 3,17(0.125) MIN 


0,84 (0.033) MIN 
(see Notes B & C) Pin Spacing 2,54 (0.100) T.P. 
(see Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to atleast 0,51 (0.020) above seating plane. 
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MECHANICAL DATA 





NT024 300-mil plastic dual-in-line package 


This dual-in-line package consist of a circuit mounted on a lead frame and encapsulated within a plastic 
compound. The compound will withstand soldering temperature with no deformation and circuit performance 
characteristics will remain stable when operated in high-humidity conditions. These packages are intended for 
insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are compressed and inserted, sufficient 
tension is provided to secure the package in the board during soldering. Leads require no additional cleaning 
or processing when used in soldered assembly. 


~ 


М 31,8 (1.250) 
Me 28,6 (1.125) 
9p 24 


Index Mark 
7,87 (0.310) 
7,37 (0.290) 


7,1 (0.280) MAX зеш) 


78 (0.070 
+ м 134 (6.045) 24 Places 


5,08 (0.200) 
MAX 


o Seating 
ав Plane 
90* 
24 Places 
4,06 (0.160) 0,533 (0.021) Нева 
82540010) 010, 4. 3,17 (0.125) | 0,381 (0.015) 


(see Notes B and C) (see Notes B and C) 


1,14 (0.045) MIN 
24 Places 


2,16 (0.085) 
0,71 (0.028) 


4 Places Рїп Spacing 2,54 (0,100) Т.Р. 


(see Note A) 


ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position. 
B. This dimension does not apply for solder-dipped leads. 
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tipto atleast 0,51 (0.020) above seating plane. 
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MECHANICAL DATA 





W020 ceramic flat package 


This hermetically sealed flat package consists of an electrically nonconductive ceramic base and cap and a lead 
frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when 
used in soldered assembly. 


wo20 
0,483 (0.019) 


0,152 (0.006) 
0,076 (0.003) 0,381 (0.015) АЛЫ 
20 Leads teed "С 20 Leads > =, 227 (0,050) NOM 
Places 


(see Note A) 
9,40 UN 370) 
6,35 | 260) 
Baw 


7,37 (0.290) 
(see Note B) 


30,5 (1.200) 7,11 (0.280) 


18,9 (0.744) 6,60 (0.260) 


2,34 (0.092) 
1,14 (0.045) (вее Note C) 


9,40 (0.370) 
6,35 (0.250) 


1,02 (0.040) 1,14 (0.045) 
0,25 (0.010) 0,13 (0.005) 
4 Places 





ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 





NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.) at maximum material condition. 
B. This dimension determines a zone within which all body and lead irregularities lie. 
C. Index point is provided on cap for terminal identification only. 
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` MECHANICAL DATA 





W024 ceramic flat package 


This hermetically sealed flat package consists of an electrically nonconductive ceramic base and cap and a lead 


frame. Hermetic sealing is accomplished with glass. Leads require no additional cleaning or processing when 
used in soldered assembly. 


Wo24 0,483 (0.019) 
0,152 (0.006) 0,361 (0.015) 1,27 (0.050) = 


24 Leads (see Note D) 22 Places 
0,076 (0.003) 076 (0.003) 
24 Leads | М Я 010) 22 M 


(see Note D) 4 Places 
10,16 (0.400) 
6,98 (0.275) | x | | x | 


10,16 (0.400) 
(see Note B) 


30,5 (1.200) 10,1 (0.395) 
24,1 (0.950) 8,5 (0.335) 





2,16 (0.085) пене Ї 
1,39 (0.055) (вее Note C) 
10,16 (0.400) 
6,98 (0.275) 
1,27 (0.050) 
0,71 (0.028) k 
16,2 (0.635) MAX 


Falls Within JEDEC МО-019АА Dimensions 
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES 


NOTES: A. Leads are within 0,13 (0.005) radius of true position (T.P.} at maximum material condition. 
. This dimension determines a zone within which all body and lead irregularities lie. 
. Index point is provided on cap for terminal identification only. 


. Notapplicable forsolder-dipped leads. When solder-dipped leads are specified, dipped area extends from leadtipto within 1,27 (0.050) 
of the package body. 





сош 
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Notes 


Notes 





Notes 


Notes 











TI North 
Offices 


ALABAMA: Huntsville: (205) 837-7530 
ARIZONA: Phoenix: (602) 995-1007 
CALIFORNIA: Irvine: (714) 660-1200 

San Diego: (619) 278-9600 

Santa Clara: (408) 980-9000 

Woodland Hills: (818) 704-8100 
COLORADO: Aurora: (303) 368-8000 
CONNECTICUT: Wallingford: (203) 269-0074 
FLORIDA: Altamonte Si rings: : (407) 260-2116 
Fort Lauderdale: (305) 973-8502 

Tampa: (813) 885-7588 

GEORGIA: Norcross: (404) 662-7967 
ILLINOIS: Arlington Helghts: (708) 640-3000 


INDIANA: Carmel: (317) 573-6400 
Fort Wayne: (219) 489-4697 


KANSAS: Overland Park: (913) 451-4511 
MARYLAND: Columbia: (410) 964-2003 
MASSACHUSETTS: Waltham: (617) 895-9100 
MICHIGAN: Farmington Hills: (313) 553-1581 
MINNESOTA: Eden Prairie: (612) 828-9300 
MISSOURI: St. Louls: (314) 821-8400 

NEW JERSEY: Iselin: (908) 750-1050 

NEW MEXICO: Albuquerque: (505) 345-2555 
NEW YORK: East Syracuse: (315) 463-9291 
Fishkill: (914) 897-2900 

Melville: (516) 454-6600 

Pittsford: (716) 385-6770 

NORTH CAROLINA: Charlotte: (704) 527-0930 
Raleigh: (919) 876-2725 

OHIO: Beachwood: (216) 765-7258 
Beavercreek: (513) 427-6200 

OREGON: Beaverton: (503) 643-6758 
PENNSYLVANIA: Blue Bell: (215) 825-9500 
PUERTO RICO: Hato Rey: (809) 753-8700 
TEXAS: Austin: (512) 250-6769 

Dallas: (214) 917-1264 

Houston: (713) 778-6592 

Midland: (915) 561-7137 

UTAH: бай Lake City: (801) 466-8972 
WISCONSIN: Waukesha: (414) 798-1001 
CANADA: Nepean: (613) 726-1970 
Richmond Hill: (416) 884-9181 

$1. Laurent: (514) 335-8392 





TI Regional 
Technology 
Centers 


CALIFORNIA: Irvine: (714) 660-8140 

Santa Clara: (408) 748-2222 

GEORGIA: Norcross: (404) 662-7945 
ILLINOIS: Arlington Helghte: (708) 640-2909 
INDIANA: Indianapolis: (317) 573-6400 
MASSACHUSETTS: Waltham: (617) 895-9196 
MEXICO: Mexico City: 491-70834 
MINNESOTA: Minneapolis: (612) 828-9300 
TEXAS: Dallas: (214) 917-3881 

CANADA: Nepean: (613) 726-1970 








Customer 
Response Center 


TOLL FREE: 
OUTSIDE USA: 


(800) 336-5236 
(214) 995-6611 
(8:00 a.m. - 5:00 p.m. CST) 





©1992 Texas Instruments Incorporated 





American Sales |North American 














TI Authorized 


Distributors 


Alliance Electronics, Inc. (military product only) 
Almac/Arrow 
Anthem Electronics 
Arrow/Schweber 
Future Electronics (Canada) 
GRS Electronics Co., Inc. 
Hall-Mark Electronics 
Marshall Industries 
Newark Electronics 
Rochester Electronics, Inc. 
(obsolete product only (508) 462-9332) 
Wyle Laboratories 
Zeus Components 


TI Distributors 


ALABAMA: Arrow/Schweber (205) 837-5955; Hall-Mark 
(205) 837-8700; Marshall (205) 881-9235. 

ARIZONA: Anthem (602) 966-6600; Arrow/Schweber (602) 
437-0750; Hall-Mark (602) 431-0030; Marshall (602) 
496-0290; Wyle (602) 437-2088. 

CALIFORNIA: Los А: les/Orange County: Anthem 
(818) 775-1333, (714) 768-4444: Arrow/Schweber (818 
380-9686, (714) 838-5422; Hall-Mark (818) 773-4500, (714) 
727-6000; Marshall (818) 878-7000, (714) 458-5301; Wyle 
B18) 880-9000, (714) 863-9953; Zeus (714) 921-9000, 
818) 889-3838; 

Sacramento: Anthem (916) 624-9744; Hall-Mark (916) 
624-9781; Marshall (916) 635-9700; Wyle (916) 638-5262: 
San Diego; Anthem (619) 453-9005; Arrow/Schweber 
(619) 565-4800; Hall-Mark (619) 268-1201; Marshall (619) 
578-9600; Wyle (619) 565-9171; Zeus (619) 277-9681. 
San Francisco Bay Area: Anthem (408) 453-1200; 

Arrow/Schweber (408) 441-9700, (510) 490-9477; 
Hall-Mark (408) 432-4000; Marshall (408) 942-4600; 

Wyle (408) 727-2500; Zeus (408) 829-4789. 

COLORADO: Anthem (303) 790-4500; Arrow/Schweber 
(303) 799-0258; Hall-Mark (303) 790-1662; Marshall (303) 

451-8383; Wyle (303) 457-9953. 

CONNECTICUT: Anthem (203) 575-1575; Arrow/Schweber 
(203) 265-7741; Hall-Mark (203) 271-2844; Marshall (203) 
265-3822. 

FLORIDA: Fort Lauderdale: Arrow/Schweber (305) 
429-8200; На!!-Магк (305) 971-9280; Marshall (305) 
977-4880. 

Orlando: Arrow/Schweber (407) 333-9300; Hall-Mark (407) 
830-5855; Marshall (407) 767-8585; Zeus (407) 788-9100. 

Tampa: Hall-Mark (813) 541-7440; Marshall (813) 
573-1399. 

GEORGIA: Arrow/Schweber (404) 497-1300; Hall-Mark 
(404) 623-4400; Marshall (404) 923-5750. 

ILLINOIS: Anthem (708) 884-0200; Arrow/Schweber (708) 
250-0500; Най-Маг (312) 860-3800; Marshall (708) 
490-0155; Newark (312)784-5100. 

INDIANA: Arrow/Schweber (317) 299-2071; Hall-Mark 
(317) 872-8875; Marshall (317) 297-0483. 

IOWA: Arrow/Schweber (319) 395-7230 

KANSAS: Arrow/Schweber (913) 541-9542; Hall-Mark 
(913) 888-4747; Marshall (913) 492-3121. 

MARYLAND: Anthem (301) 995-6640; Arrow/Schweber 
(301) 596-7800; Hall-Mark (301) 988-9800; Marshail (301) 
622-1118; Zeus (301) 997-1118. 

MASSACHUSETTS: Anthem (508) 657-5170; 

Arrow/Schweber (508) 658-0900; Hall-Mark (508) 

667-0902; Marshall (508) 658-0810; Wyle (617) 272-7300; 
Zeus (617) 246-8200. 




















9 TEXAS 
INSTRUMENTS 





MICHIGAN: Detroit: Arrow/Schweber (313) 462-2290; 
Нап-Ма (313) 416-5800; Marshall (313) 525-5850; 
Newark (313) 967-0600. 

MINNESOTA: Anthem (612) 944-5454; Arrow/Schweber 
(612) 941-5280; Hall-Mark (812) 881-2600; Marshall (612) 
559-2211. 

MISSOUAI: Arrow/Schweber (519) 567-6888; На!-Магк 
(314) 291-5350; Marshall (314) 291-4650. 

NEW JERSEY: Anthem (201) 227-7960; Arrow/Schweber 
152 227-7880, (609) 596-8000; Hall-Mark (201) 515-3000, 
609) 235-1900; Marshall (201) 882-0320, (609) 234-9100. 
NEW MEXICO: Alliance (505) 292-3360. 

NEW YORK: Long Island: Anthem (516) 864-6600; 
Arrow/Schweber (516) 231-1000; Hall-Mark (516) 
737-0600; Marshall (516) 273-2424; Zeus (914) 937-7400. 
Rochester: Arrow/Schweber (716) 427-0300; Hall-Mark 
(716) 425-3300; Marshall (716) 235-7620. 

Syracuse: Marshall (607) 785-2345. 

NORTH CAROLINA: Arrow/Schweber (919) 876-3132; 
Hall-Mark (919) 872-0712; Marshall (319) 878-9882. 
OHIO: Cleveland: Arrow/Schweber (216) 248-3990; 
Hall-Mark (216) 349-4632; Marshall (216) 248-1788. 
Columbus: Hall-Mark (614) 888-3313. 

Dayton: Arrow/Schweber (513) 435-5563; Marshall (513) 
898-4480; Zeus (513) 293-6162. 

OKLAHOMA: Arrow/Schweber (918) 252-7537; Hall-Mark 
(918) 254-6110. 

OREGON: Almac/Arrow (503) 629-8090; Anthem (503) 
643-1114; Marshall (503) 644-5050; Wyle (503) 643-7900. 
PENNSYLVANIA: Anthem (215) 443-5150; 
Arrow/Schweber (215) 928-1800; GRS (215) 922-7037; 
(809) 964-8560; Marshall (412) 788-0441. 

TEXAS: Austin: Arrow/Schweber (512) 835-4180; 
Най-Магк (512) 258-8848; Marshall (512) 837-1991: Wyle 
(512) 345-8853; 

Dailas: Anthem тата) 238-7100; Arrow/Schweber (214) 
380-6464; Hall-Mark (214) 553-4300; Marshall (214) 
233-5200; Wyle (214) 235-9953; Zeus (214) 783-7010; 
Houston: Arrow/Schweber (713) 530-4700; Hall-Mark 
(713) 781-6100; Marshall (713) 467-1666; Wyle (713) 
879-9953. 

UTAH: Anthem (80 | 973-8555; Arrow/Schweber (801) 
973-6913; Marshall (801) 973-2288; Wyle (801) 974-9953. 
WASHINGTON: Almac/Arrow (206) 643-9992, Anthem 
(206) 483-1700; Marshall (206) 486-5747; Wyle (206) 
881-1150. 

WISCONSIN: Arrow/Schweber (414) 792-0150; Hall-Mark 
(414) 797-7844; Marshall (414) 797-8400. 

CANADA: Calgary: Future (403) 235-5325; 

Edmonton: Future (403) 438-2858; 

Montreal: Arrow/Schweber (514) 421-7411; Future (514) 
694-7710; Marshall (514) 694-8142 

Ottawa: Arrow/Schweber (613) 226-6903; Future (613) 
820-8313. 

Quebec: Future (418) 897-6666. 

Toronto: Arrow/Schweber (416) 670-7769; 

Future (418) 612-9200; Marshall (416) 458-8046. 
Vancouver: Arrow/Schweber (604) 421-2333; 

Future (604) 294-1166. 





TI Die Processors 


Chip Supply 
Ето Semiconductor 
Minco Technology Labs 


(407) 298-7100 
(B18) 768-7400 
(512) 834-2022 















TI Worldwide 
Sales Offices 


ALABAMA: Huntsville: 4960 Corporate Drive, 

Suite 150, Huntsville, AL 35805, (205) 837-7530. 
ARIZONA: Phoenix: 8825 N. 23rd Avenue, Suite 100, 
Phoenix, AZ 85021, (602) 995-1007 

CALIFORNIA: Irvine: 1920 Main Street, Suite 900, 
irvine, CA 92714, (714) 660-1200; 

San Diego: 5625 Ruffin Road, Suite 100, 

San Diego, CA 92123, (619) 278-9600; 

Santa Clara: 5353 Betsy Ross Drive, 

Santa Clara, CA 95054, (408) 980-9000; 

Woodland Hills: 21550 Oxnard Street, Suite 700, 
Woodland Hills, CA 91367, (818) 704-8100. 
COLORADO: Aurora: 1400 S. Potomac Street, Suite 101, 
Aurora, CO 80012, (303) 368-8000. 

CONNECTICUT: Wallingford: 9 Barnes Industrial Park 
So., Wallingford, CT 06492, (203) 269-0074. 

FLORIDA: Attamonte Springs: 370 S. Мопћ Lake 
Boulevard, Suite 1008, Altamonte Springs, FL 32701. 
(407) 260-2116; 

Fort Lauderdale: 2950 N.W. 62nd Street, 

Suite 100. Fort Lauderdale, FL 33309, 

(305) 973-8502; Tampa: 4803 George Road, Suite 390, 
Tampa. FL 33634-6234, (813) 885-7588. 

GEORGIA: Norcross: 5515 Spalding Drive, 

Norcross, GA 30092-2560, (404) 662-7967 

ILLINOIS: Arlington Heights: 515 West Algonquin, 
Arlington Heights. IL 60005, (708) 640-6925. 

INDIANA: Carmel: 550 Congressional Drive, Suite 100, 
Carmel, IN 46032, (317) 573-6400; 

Fort Wayne: 103 Airport North Office Park, 

Fort Wayne, IN 46825, (219) 489-4697. 

KANSAS: Overland Park: 7300 College Boulevard, 
Lighton Plaza, Suite 150. Overland Park, KS 66210. 
(913) 451-4511. 

MARYLAND: Columbia: 8815 Centre Park Drive, 

Suite 100, Columbia, MD 21045, (410) 964-2003. 
MASSACHUSETTS: Waltham: Bay Colony Corporate 
Center 950 Winter Street, Suite 2800, Waltham, MA 02154, 
(617) 895-9100. 

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Road, 
Farmington Hills, MI 48018, (313) 553-1581. 
MINNESOTA: Eden Prai 1000 W. 78th Street, 
Suite 100, Eden Prairie, 55344, (612) 828-9300. 
MISSOURI: St. Louis; 12412 Powerscourt Drive, 

Suite 125, St. Louis, MO 63131, (314) 821-8400. 

NEW JERSEY: Iselin: Metropolitan Corporate Plaza, 485 
Bldg E. U.S. 1 South, Isetin, NJ 08830, (908) 750-1050. 
NEW MEXICO: Albuquerque: 2709 J. Pan American 
Freeway. N.E., Albuquerque, NM 87101, (505) 345-2555. 
NEW YORK: East Syracuse: 6365 Coilamer Drive, 
East Syracuse, NY 13057, (315) 463-9291; 

Fishkill: 300 Westage Business Center, Suite 140, 
Fishkill, NY 12524, (814) B97-2900; 

Melville: 48 South Service Road, Suite 100, Melville, NY 
11747, (516) 454-6601; 

Pittsford: 2851 Clover Street, Pittsford, NY 14534, 
(716) 385-6770. 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green, 
Suite 100, Charlotte, NC 28217, (704) 527-0930; 
Raleigh: 2809 Highwoods Boulevard, Suite 100, 
Raleigh, NC 27625, (919) 876-2725. 

OHIO: Beachwood: 23775 Commerce Park Road, 
Beachwood, OH 44122-5875, (216) 765-7258; 
Beavercreek: 4200 Colonel Glenn Highway, Suite 600, 
Beavercreek, OH 45431, (513) 427-6200. 

OREGON: Beaverton: 6700 S.W. 105th Street, 

Suite 110, Beaverton, OR 97005, (503) 643-6758. 
PENNSYLVANIA: Blue Bell: 670 Sentry Parkway, 
Suite 200, Blue Bell, РА 19422, (215) 825-9500. 
PUERTO RICO: Hato Rey: 615 Mercantile Plaza Building, 
Suite 505, Hato Rey, PR 00919, (809) 753-8700. 
TEXAS: Austin: 12501 Research Boulevard, 

Austin, TX 78759, (512) 250-6769; 

Dallas: 7839 Churchill Way, Dallas, TX 75251, 

(214) 917-1264; 

Houston: 9301 Southwest Freeway, Commerce Park, Suite 
360, Houston, TX 77074, (713) 778-6592; 

Midland: FM 1788 8 1-20, Midland, TX 79711-0448, 
(915) 561-7137 
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UTAH: Salt Lake City: 2180 South 1300 East, Sute 335. 

Зан Lake City, UT 54106, (801) 466-8972. 

WISCONSIN: Waukesha: 20825 Swenson Drive, 

Suite 900, Waukesha WI 53186, (414) 798-1001. 

CANADA: Nepean: 301 Moodie Drive, Suite 102, Майот 

Center, Nepean, Ontario, Canada K2H 9C4, 

(613) 726-1970; 
ichmond Hill: 280 Centre Street East, Richmond Hill, 

Ontario, Canada L4C 181, (416) 884-9181; 

St. Laurent: 9460 Trans Canada Highway, St. Laurent, 

Quebec, Canada H4S 1R7, (514) 335-8392. 





AUSTRALIA (& NEW ZEALAND): Texas Instruments 
Australia Ltd., 6-10 Talavera Road, North Ryde (Sydney), 
New South Wales, Australia 2113, 2-878-9000: 14th Floor, 
380 Street, Kilda Road, Melbourne, Victoria, Australia 3004, 
3-696-1211; 171 Philip Highway, Elizabeth, South Australia 
5112, В 255-2066. 


BELGIUM: Texas Instruments Belgium S.A./N.V., 
Avenue Jules Bordetlaan 11, 1140 Brussels, Belgium, 
(02) 242 30 80. 


BRAZIL: Texas Instruments Electronicos do Brasil Ltda., 
Av. Eng. Luiz Carlos Berrini 1461-110 andar, 04571, 
Sao Рашо, SP, Brazil, 11-535-5133. 


DENMARK: Texas Instruments A/S, Borupvang 2D. 
2750 Ballerup, Denmark, (44) 68 74 00. 


FINLAND: Texas Instruments OY, Ahertajantle 3, 
P.O. Box B6, 02321 Espoo, Finland, (0) 802 6517. 


FRANCE: Texas Instruments France, 8-10 Avenue 
Morane-Saulnier, B.P. 67, 78141 Velizy Villacoublay Cedex, 
France, (1) 30 70 1003. 


GERMANY: Texas Instruments Deutschland GmbH., 
Haggertystrasse 1, 8050 Freising, (08161) 80-0: 
Kurfurstendamm 195-196, 1000 Berlin 15, (030) 8 82 73 65; 
Dusseldorfer Strasse 40, 6236 Eschborn 1, (06196) 80 70; 
Kirchhorster Strasse 2, 3000 Hannover 51, (0511) 64 68-0; 
Maybachstrasse |, 7302 Ostfildern 2 (Nellingen), 
071 3403257; Gildehofcenter, Hollestrasses 3, 4300 
ssen 1, (0201) 24 25-0 
HOLLAND: Texas Instruments Holland B.V., Hogehilweg 
19, Postbus 12995, 1100 AZ Amsterdam-Zuidoost, Holland, 
(020) 5602911. 


HONG KONG: Texas Instruments Hong Kong Ltd., 8th 
Floor, World Shipping Center. 7 Canton Road, Kowloon, 
Hong Kong, 737-0338. 


HUNGARY: Texas Instruments Representation, Budaorsi 
ut.42, 1112 Budapest, Hungary. (1) 1 66 66 17. 

IRELAND: Texas Instruments Ireland Lid., 7/8 Harcourt 
Street, Dublin 2, Ireland, (01) 755233. 

ITALY: Texas Instruments Italia S.p.A., Centro Direzionale 
Colleoni, Palazzo Perseo-Via Paracelso 12, 20041 Agrate 
Brianza (Mi), Italy, (039) 63221; Via Castello della Magliana, 
38, 00148 Roma, Italy (06) 6572651; Via Amendola, 17, 
40100 Bologna, Italy (051) 554004. 


JAPAN: Texas Instruments Japan Ltd., Aoyama Fuji 
Building 3-6-12 Kita-Aoyama Minato-ku, Tokyo, Japan 107, 
03-498-2111; MS Shibaura Building SF, 4-13-23 Shibaura, 
Minato-ku, Tokyo, Japan 108, 03-769-8700; Nissho-iwai 
Building 5F, 2-5-8 Imabashi, Chuou-ku, Osaka, Japan 541, 
06-204-1881; Dai-ni Toyota Building Nishi-kan 7F, 4-10-27 
Meieki, Nakamura-ku, Nagoya, Japan 450, 052-583-8691: 
Kanazawa Oyama-cho Daiichi Seimei Building 6F, 3-10 
Oyama-cho, Kanazawa, Ishikawa, Japan 920, 
0762-23-5471; Matsumoto Showa Building 6F, 1-2-11 
Fukashi, Matsumoto, Nagano, Japan 390, 0263-33-1060; 
Daiichi Olympic Tachikawa Building 6F, 1-25-12, 
Akebono-cho, Tachikawa, Tokyo, Japan 190, 
0425-27-6760; Yokohama Business Park East Tower 10F, 
134 Goudo-cho Hodogaya-ku, Yokohama-shi, Kanagawa, 
Japan 240, 045-338-1220; Nihon Seimei Kyoto Yasaka 
Building 5F, 843-2, Higashi Shiokohji-cho, Higashi-iru, 
Nishinotoh-in, Shiokohji-dori, Shimogyo-ku, Kyoto, Japan 
600, 075-341-7713; Sumitomo Seimei Kumagaya Building 
8F, 2-44 Yayoi, Kumagaya, Saitama, Japan 360, 
0485-22-2440, 2597-1, Aza Harudai, Oaza Yasaka, Kitsuki, 
Oita, Japan 873, 09786-3-3211. 

KOREA: Texas Instruments Korea Ltd., 28th Floor, Trade 
Tower, 159, Samsung-Dong, Kangnam-ku Seoul, Korea, 2 
551-2800. 
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MALAYSIA: Texas Instruments Malaysia, Sdn. Bhd., Asia 
Pacific, Lot 36.1 #Вох 93, Menara Maybank, 100 Jalan Tun 
Perak, 50050 Kuala Цитриг, Malaysia, 2306001. 
MEXICO: Texas Instruments de Mexico S.A., de C.V., 
Alfonso Reyes 115, Col. Hipodromo Condesa, Mexico, D.F., 
Mexico 06170, 5-515-6081. 

NORWAY: Texas Instruments Norge A/S, Р.В. 106, Refstad 
(Sinsenveien 53), 0513 Oslo 5, Norway, (02) 155 090. 
PEOPLE'S REPUBLIC OF CHINA: Texas Instruments 
China Inc., Beijing Representative Office, 7-05 CITIC 
Building, 19 Jianguomenwai Dajie, Beijing, China, 
500-2255, Ext. 3750. 

PHILIPPINES: Texas Instruments Asia Ltd., 

Philippines Branch, 14th Floor, Ba-Lepanto Building, 
Paseo de Roxas, Makali, Metro Manila, Philippines, 
2-8176031. 

PORTUGAL: Texas Instruments Equipamento Electronico 
(Portugal) Ltda., Ing. Frederico Ulricho, 2650 Moreira Da 
Maia, 4470 Maia, Portugal (2) 948 1003. 

SINGAPORE (& INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas Instruments Singapore (PTE) Ltd.. 
Asia Pacific, 101 Thomson Road, #23-01, 

United Square, Singapore 1130. 3508100. 

SPAIN: Texas Instruments Espana S.A., c/Gobelas 43, 
Urbanizasion, La Florida, 28023, Madrid, Spain, (1) 372 
8051; c/Diputacion, 279-3-5, 08007 Barcelona, Spain, (3) 
317 91 80. 

SWEDEN: Texas Instruments Intemational Trade 
Corporation (Sverigefilialen), Isafjordsgaton, Box 30, S-164 
93 Kista, Sweden, (08) 752 58 00. 

SWITZERLAND: Texas Instruments Switzerland AG, 
Riedstrasse 6. C8953 Dietikon, Switzerland, 

(01) 744 2811. 

TAIWAN: Texas Instruments Taiwan Limited, Taipei 
Branch, 10th Floor Bank Tower, 205 Tung Hwa N. Road. 
Taipei, Taiwan, 10592 Republic of China, 2-7139311. 
TURKEY: Texas Instruments, OSEG MidEast Regional 
Marketing Office, Karum Center, Suite 442, Iran Caddesi 
21, 06680 Kavaklidere, Ankara, Turkey, 4-468-0155. 
UNITED KINGDOM: Texas Instruments Ltd., Manton Lane, 
Bedford, England, MK41 7РА, (0234) 270 111. 





TI Authorized 
North American 
Distributors 


Alliance Electronics, Inc. (military product only) 
Almac/Arrow 

Anthem Electronics 

Arrow/Schweber 

Future Electronics (Canada) 

GRS Electronics Со., Inc. * 

Hall-Mark Electronics 

Marshalt Industries 

Newark Electronics * 

Wyle Laboratories 

Zeus Components 

Rochester Electronics, Inc. (obsolete product onty) 


“Мо! authorized for TI military products 
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